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ADVERTISEMENT 

TO 

THE TENTH EDITION. 


THE PRESENT EtjrTiON the ftesh matter has increased by about 
twenty-fiv'e pagcf* the size of the book as it stonad Itx the last Edjtipn. 
'Jlic new matter includes twenty-four additional illustrations. 

The continued and even increasing favour with which the work has 
" .been received, both as a Text Book for Colleges and Schools, and aJso 
as a work of reference for the general reader, renders any apology for 
omissions perhaps unnecessaiy ; it may, however, be as well once more to 
point out that the book ia intended to be a general Elementary Treatise 
on Physics ; that, while it accordingly aims at giving an accxmnt of 
the most ^d gfcnlitfltiliAs of all branches of Physics, 

an attempt to treat cabplelely iipd exhaustively of any one branchy would 
both be inconsistent with the general plan of the brok, and impossible 
within the available space. 
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EXTRACT FROM ADVERTlSRMEftT TO THE 
SEVENTH EDJT/ON 


I HAVE AUDED w Ainwndix contaiDing a scries of nuincricsl probleiiia 
and examples in PhysicsL This Appendix is based upon a sinnlar 
one contained in the French ediUon of the srorh. But I hare been 
abk to use only a smalt proportion of the problems contained, m 
that Appendix, as the inlerest of the solution was in most cases gcome. 
trical or algebmicaL Hence I have substituted or added others, which 
have been so selected as to involve in the solution a knowledge of some 
deAnite physical principle. 

Such an AppendU has fiom time to time beenuTged upon me by 
teachers and others who use the work. It will, I oonMive, be most 
useful to those students who have net the advantage of regular instruc* 
tjon j affording to them a means of personally testing ihcir knowledge. 
Such a student should not aim solely at getting a remit which numcn- 
cally ^ecs with the answer. He should habituate himMlf to write out 
at length the several steps by which the result is obtained, so that lie ■ 
may bring clearly before himself the physical principles involved in each 
stage. Some of the solutions of the prohlems are therefore workc^out 
at length* 


E, A. 


TJiANSLATOJi"S J^R£PACE 
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Professor G^^^or, of which the present 

10 Ph«L7'S“"’"' « - iLtiodectron 

with™; "hT""" 

totlehJ r"”'^' -<« phenomena «e explained. 

In iinTeS «««fiement. and to the excellence of its illustration.,, 
whi^;^^ ^ * iranslfltion. I was iofluenctd by the favoiiiablc opinion 

wht^ a pre^ous u,e of it in ieochipg had enabled nte to form. 

10 the French f^eftet consisted m its too dose adaptation 

beyond Z of =>"d accordingly, my chief labour. 

eyond that of mere translation, has been expended in makine such 
shidZT' render it more useful to the English 

and'in^rm'^^^ ^roughout the use of the Centigrade thermometer, 

memZZem %h *^'***^ IJn«r measures on ,he 

anrffln are now tver^nshere gaining ground 

fam f *^ely needed for an innovation which may help to 
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ON 

H Y SICS. 
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BOOK I. 

ox MATTKk, I’ORCT, AXIl MOTION. 


CH.\TTER ]. 

Gl^N'MltAL FRINCIPl-ilL 

1 . i^bjvGt of Tbc object iif 15 tbe study llic plse- 

fsnniona pjrestmed lo tis by bodied. 11 should, howci cr, be lidded^ t IuLl 
chjitigcs in tht naiurc of tbe body itself, $uch as the decornpcEsitton of i«ne 
b^jdy inta oiheni, iorr pfacootneim whoso study forms die more Inmiedl^te 
objott of 

2 . nfntter. —Timt whkh possesses the properties whose e^tsience h 
revealed to us by do r setiscs^ we cn-ll muiUr or su^j/am^. 

xVll substanccfi m prcsejit known to m be coniidered sls ebctiiicul 
erjmbinations of ibety-seven or ^utstances. This numlier, 

however, may hcreafier be dEminiidied or inrrcjised by the disoot^* of 
niDTc powerful iiieuns of ehcfnii^ qiMUysis dian at present pnsA^ss. 

> Atoisi. D&eZBeiiieft. Ffoni various pmpertirs nf bcnliei, we ton-; hide 
tJuit the matter of whidi ibey are formed is not pcribctly cortimuous, IjoT 
eofliists of an ag|j;re]^ate of an iinnrense' nomber of escecdinitly ^niall por¬ 
tions or iiAifNs of matter. I’hcsc atotns cannyt be divided physically $ they 
m retained side by aide^ without touthinif ench other, bcinif scpiiraieft by 
distances which arc great in comparUon with their suppe^cd dinicnslon^M 

A group of two of aiore aturrui forms a jw^/jw/r, that a body rtiay be 
conside^ as an aggregate of very small torolKrules, and these agsun as 
aggrega*Ec« uf still sinalJcr atoms. The smaller maj^ses of tnalicrwr tver 
obtain arrihcbdly are ^rr/iV/rJTp and no^ rnnkculcs or aiuinji. Molecules 
nctain their position in ^^rtuc of the action of «n;aln ^rces caUed 
/mis. - 

Frtam considermioTis based upon various ph)^ica| phenomena Sir W. 
rhomson has caliruliiled that in ordinary *o1ids and fiqyids die average 

U 



2 On Ma/Ur, Fora, and MoiWN. [ 3 - 

dbunce bettt'ccD rontigiious moteculcs is !(ss than ihconetiundricd-rniltiomli 

but prcatci" th^irt Uic one twti tliousnu-tJ-rnillionih of u centi metre. 

Jl] foETU ;un idea of the decree of tlic aiae of the mokcul-es Sir \\. 
Thomauu gives thia inusimlioO ^ 1 moginc a drop of rOin^ or a spliete 
the aiie of a pea, magnified to the sijc of ilie earth, the tnoteeules in it being 
increaaed in the same proportion. The itracture of the masi w ould then be 
coaler than that of a heap of tine shot, Ijul probabb’ not so coarse as thoT 

of a heap of crichei-baJls,' > . . 

The number of molcrulcs of ga* i n a cubic centimetre of air is calculated 

at cjit^'-onc trillions. * jm - 

Uy dissolving id aJcohol a hnow'u weight of fuehsine, anti dsluting the 
liquidi U was obatr^ed tliiit a combining not marc than otoccjoco? 

of a gramme in one cubic ceniinictrc' bad still n distinct cohiur :|. that is, that 
a weight of not more than the ^*j5^-mithonih of a grramme tan l« perceived 
l>y ilie naked eye. As the molecular weight of this substance h 337 times 
that of hydrogen k folloiAs Ehm the weight of an atom of hydrogen cannot be 
grc.-tief than the one ao,ocio-millk>nth of a gramme. 

Loschmidi gives the diumcEerof the mislenites of hydrogen at 0 00000004 
of a centimetre j: and according to ^tnu5Sort and diameter of 

the sphere within which one nioJcculc tan act upon nn adjacent one is 
betwem the otiooo6 nnd o^xuoS of a millimetre^ and is therefore from j 
to TO times less than the wave length of ligbb 

4. MgiQ^aiu Itate of badifei.— \\'itb rrdipect to the molecules of bodies 
three diUTerent stages of nggreg^itlon present thcnofcU c3. 

/Ac ioiuf ifrjfc, M tjbser% td in wood, SEonc% metals, at Ehe 
ordinary- tciiipcmture. The distinctive character of this state is, that ihe 
reljitlie positions nf the molecules of the biTdics is liis,ed ^nd cannot be 
changed without the expenditure of moti: or less force. As a consequence, 
solid bodies lend to retain whatever form may have been gi ven to them by 
nature or by art. 

/ipWif r/o/jf, as observed in water, alcohol, oil, ix Here 
tlie relative posilion of the molecules h no longer fitted, the molecules glide 
paat each other with the grcatcsl case, and the body assumes with readiness 
the form of any v'esscl In which it may be placed 

TAinlfy^ jpjjrtrar s/aitjOS In nir and in hydrngem Tn gases the 
mobility of the molecules is slill greater than in liquids ; but the dtitinctivc 
_£ti irnLier of a gas is its ince ssant stnaggle to occupy a greater space, in con¬ 
sequence of which a gas hits neither nn independent form nor an indefwn- 
dent volume, for this is due lo the prqasiure to iivhich it is subject. 

The general lennis applied to both liquids and gases. 

Most limpk bodies, and many compound ones, may be made m pass 
successively through -dl ihc three slates, W presents the most fnmiliar 
example of this. Sulphur, Iodine^ mcTctiryy phnsplmrus, and zinc, arc other 
In'ilnnces. 

5. FbTiie*!^ pnenemeuB, theories. —Every change which 

ran liappen la a bt>dy+ mere alteration of Its chemical constitution bein" css* 
crpied* may be reguirded as fiArft/rmtruyfi. Tiie fall of a stone, the 

vTbrriiion of a ^rtring, and the sound which accompanies iq the atimction 
of light particles by a rod of sealing-wax which hax been rubbed by fiannclr 



“®] P/tysi^a/ 

Lhc rEpplm^ of the 5ur£n-d dfa lakt^ and tht frcciinf; of water, are exarnptesi 
of such phoisomen.! ^ 

A phyxkai /irtcr h the eimslant relation w luich cxhxs bciweeji any phenn- 
njeann and it* cause. As ,in example, we have the pheticjmcnon of the 
dJtiiLnunun of the volume of a ijas by ihc app1icati^3n of pressure j the ear- 
responding- Jaw has been discovered, smd is expressed by saying that 
VMltmi- iff agilS ii A? Ajv prfsutiiY, 

ftt order ta e.\pt;iin the cause of whole cbis-geiof phenomena, suppositions 
or are made use of Tlic utility and prnSMbihiy of a hypothesis 

nr [h^>r>*.xfe ihe ijrealer the simpler it is, and the man; varied and numerals 
are the phenomena w hich arc f.rfi/ttififdhy it ; that is lo iay% are brought 
into rej-ulnr causal connection nmonj^ themselves and with other natunU 
phchomcnn. Thus the adoption of the unduEatory ihcon- of Jighi it justified 
by the simple and unconitraincd cscplanatinn it ^iN^es of nH luminous pbem^ 
mcna, .md by the conncciion it reveals with ihe phenomena of heat 

6 . vuytLcai In Cur attempts in ascend from a phenomenon to 

Its cause, wp a&^ume the esf tstenceof/AyjK'iif o^w/-r,or ,ictifig 

upon matter j as examples of such wc ba^-e /iVAjT, 

vjw, aiwl fA'f/nWV/. 

Since these physical afieais are disclosed lo us only by thetr effecLa, ihdr 
mtamale nature is campfetcly unknown. In the preiient state of sciencCp wc 
ennnor say whether they are properties inherent in matter, or whether they 
i^uli from mo\tincni5 impressed on the mass of subtile and irnjxmdcrabk 
furms j,f matter dimmed through the universe, The latter InTioihcsi* is, how¬ 
ever, j^nerally admitted. This being s*^ it may he further asked, ,ire there 
sev^cml distinct forms of imponderable matter, or are they in reality but one 
and the same? As the physical 3citnc?e& extend their'limits, the opimon 
tends to prevail that daerc la a 9ul»;Ue, imponderable, and eminently dastic 
tlmd called the disftdhuted through the entire universe; it pervades 
the nmss of all bodies^ the densest and inosl opaque, as well as the lightest 
or the most transparent. 11 it also considered that the ultimate particles of 
W'htr.h mpitten^p inade up are capable ofdefi riiic motions varj-Eng iurharacier 
and velocity, and which casi be comiminiErnicd lo the ether.' A mnlion of a 
particular kind communtcated to ihe ether can give rise to ihe phenomenon 
fti heat; a motion of the same Idnd, but of greater vdocity, produces lithl; 
tnd It may be that a motion diderem In form or in character is the cause oL- 
clecindty Not merely do the atoms of bodiw communicate mntion to the 
atoms of the ether, but this latter tan impart if to ihe former. Thus the 
aroms of b^les are at once the sources and the reripients of the mntimi. 

ph^^tcal phenomena^ referred thus to a single cause^ are but transforma- 
ijons of motion. 
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CHAPTER IE 

CEN'EBAI^ PROi'JiB I LKa OF ItOPIES^ 

7. mudA or propertlpBi— By ttic tcnii ajs jippli^ 

utiiJcr&LiiAd iBt difTcrcnt ways m whicB bodie? prL^tnL theni- 
sclvcs IQ our Wc diislingiii^b from sfi€CJ^j: profieaiei. The 

former are sbartd by all bodies^ and amorngsi ihcm ihc most iitijKirtant are 

Vtnd //frr/ik 

Specific properties are such as are obsened m certain Iwdics anly^ or in 
remilt stales of tbtsc bodies ; such are 
tttn/UaAiU(y^ ^iirdfi^ss^ iriiftifiiifVficy, c^mr, &c+ 

With respect to the abo% e general properties, i'mfiimtffttkViXv and 
mightr perbapi^ be more apily tenned esscniidJ attributes o( xnaticr^ 
since they suffice lo define it; and thiU ffii/jjtW//y^pfriPH'iy^ ^omfiresstAiyi^yn 
itnd rf^isiMy do not apply tt> aionis, but only in bodies or aggregates ol 
aloms (3)u 

B, iBspifnereateuity*— is the property in virtue nf i^hich 
two portions of matter cannol at ihc same time occupy ilie same portino ol 
space. Thu!& when a atone it placed in a vessel of water the voiumc of the 
w aicf rises by an amount depending on the volume nf the atone j this niclbod. 
indeed, ts used to detennlne the bulk uf tnesularly shaped bodies by means 
iiif gradiutted measures. 

Strictly speaking, this property applies only to the atoma of a body. In 
many pbenomenn bodies appear to penetrate each other ; thus, the volume 
of a compound body is always less than the sum of the volumes nf its con¬ 
stituents 1 for in^lancej the volunte of a mismre of water and sulphuric 
^acid. Of of water and atcoho!^ is less than the sum of the volumes before 
miiture. In all these cases, however, the penetration is merely apparent, 
and arises from the fact that in every body there are interstkes or spaces 
unoccitpicd by matter (t j). 

gt nateufllou.- or 4w?a^wVW^is the property in virtue of w hich 

ever^' body occupies a limited portion of space. 

Many instrements have been invented formensuring linear esctensioti of 
lengths with great precision. Two of these, the vernier and microinettf 
screw, on account of their great utility, deserv'c (o be here mentioned- 

ta Toriiler, -The tvrmcr forms a ncccssar^' part of all instruments 
where lengths or angles have m be estimated with precision t it derives h* 
'^name from its inveoior,^ a Freoeb maihcmatidan, who died in 1637, and 
consists essentially of a short giaduatcd scale, which is made to slide 
along a fixed scalcj AB, sa that the graduations of bath may be compajed 
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wiih cacti other. The fijied scale, /\n, being diiidcd into equal pnrts^ the 
whole length of the vernieri may be taken equal to nine of those parts, 
and is itself divided into ten equal parts. Each of the parts of the vernier, 
w'ilJ then be less than a pan of the scale hy anc tenth of the latter. 

This granted^ in order to measure the length of any object, wjTj let us 
‘lupptisc that the htter, when placed as in the figure, has a length gTcnlcr 
than four hut loss than five parts of the fixed scnle In order to cteturmine 
by what fraction of a part m/i exceeds four, one of the ends, a, of the vemier, 
ii^p h planed in contact with one extremtiy of the abject. and the 
division on the vernier Is sought which cnincjcles with a rl[vision nn the 
scale, AM. In the figure this coincidence occurs .it the eighth division of 
the vernier, gnunling from the end, a, and indicates that the fntClicn to be 
inc.i^sured is equal to |"^ths of a part of the scale, AB. In fact, each of 
the parts of the vernier being less than a piirt of the scale by -,ttb of the 
latter, it is clear that on proceeding towards the left from the point af co¬ 
incidence, the divisions of the vernier are respectively one, two, ihrce^ etc. 



Ih 

tenths behind the divtAimis of thesrcalct so that the end^ jv, of the object 
(tiiat Is to say% the eighth dKHsidn of the vemierj' Ls behind the 

division 4 dll the scale ; in other wordi, the length of mn is eqtm] lo 4,*^tbs 
of the parts Into which die scale AB is dlvidetL roniequcatJy, if the settle 
A B were divided Into inches, the length of ww would be Sntheiir 

Tlic divisions on the AcaJe remaining the same, it would be necessary^ io in^ 
crease the length of the i^ernicr In nrdcr lo measure ihc length jwa mote 
accufiucly. For instance, if the length of the vernier were cqunl to nineteen 
t?f the parts cm the aealc, and this length w'crc divided Into twenty equal parti, 
the length /wu could be tletennincd to the twcniEeth uf a part on the scale- 
and so on* In Instruments like the theodolite^ intended for measuring angles^ 
the scale and vernier have a circular fnnrii and the latter usually carries a 
magnifier in order to determine with grcaler precision the coincident divisions 
t>f Vernier arid scale. 

n. ii£tar0Diat6r serev.^. Another useful little instrument fur tnensuring 
Atnall rengtbs with preciskm ia the mirnmfUr It is used under 

Various fornis, but the principle is tiic anmc in all, and may bt illustmtctl by 
reference to tlic .^crtr«jc/cr, 'Hiis consists of an iccurately turned screu 
uiih a blunt point which works in a cuntpaninn supported on three steel 
i>olnts (fig, 2j, 'jo one of these is fixed a vertical graduated scale, r.irh 
lii^'isiou of which is equal to the distance between two threads of the screV 














6 On Forc^^ fiW il/WiWn, [U- 

Tlii$ m^y be Accurately determine by mcosLirin^ a ^ven kngtk ur 

ihe icnew by campAsscs, and couiiting the number of the thr^Atk in this 
Icnjjthr A mi][ed head Attached lo the screw' is graduAted at the periphery 

into any given number of punSi, say 500. 
Supppsit now the distance between the 
threads is J miUimet re, when the head hns 
iruide n complete turn it w^|] ha^'O risen or 
sunk through one millimetre, and so on In 
proportion for any multiple or fraction of a 
lum. 

In order to dciermine the thickness of a 
piece of gtiiss for instance, the appaiotus is 
placed on a [perfectly plane polished surface^ 
and the point of the sertiw is brought in 
contact with the glass. The division on the 
veiticoJ scale immediately above the limb, 
and that on the limb arc read olT After removing the ghass plate the point 
is brought in cpotact with the plane surface^ and correspoading readings are 
Again made, fmm which the thickness can be at once deducicd. 

‘fhe same process is obviously applicable to determining the diameter of 
a wire. 

To ascertain whether a, surface is sphcricak three points are applied to 
the surface, and the screw is also made to touch as describod above. It is 
then moved along the surface, anti if :d| four points are c^'erywhere in ctm- 
laci the sudkee is truly spherical. This application is ol great value in 
asceruining the exact cun niure of lenses. 

The diameter of a sphere may Otao he nteasured by its means; for It 
can be shown by a simple geomEtrical construction that the di.Htanoc of the 
inovable point from the plane of the fixed points, mulilplied by the diameicr 
of the sphere, is equal to the square of the distance of the mnvable punt 
fruni one of the fixed points* 

12, iHiistblUtj —is the property In vinue of which a body may be sepa¬ 
rated into distinct parts. 

Ntuncrotis examples may be cited of the e.vtremc divisibility of matter ( 3 ^) 
The tenth part of a grain of musk will continue for years So fill a room w'ilh 
its odcmfcrous particles, and as the end of that time will scarcely be dimio- 
iiibcd in weight, Edood is composed of red, djUEened globules, floating in 
coltMjHess liquid culled jfmw. In man the diomeEer of cute of these 
glaboles 15 less than the 3,500th pan of an inch, and the drop of bloo<l which 
might be suspended fmm the point of a needle would contain about a million 
of globules. 

Again, the microaenpe has disclosed to ns the existence of Insects smaller 
even than these particles of blood j the struggle for existence reaches even 
to thc» 1 i Itle creAtures, for they devour still smaller ones. 1 f blood ru ns in 
the vtrtns of these devoured one*, how* infiniEcsimal must be the magnitude 
of Its component globules \ 

Although experiment fails lo delenninc whether there be a limii lo (he 
divisibility of matter, many facts in cheiiiisiiy, such as the invATiabilSly in 
ibe relative weights of the elements which, combine with each other, would 
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lead us to thoi ^udi a Itiitii does li is an this account that 

bodies tins (xvncci^cd to bi^ CQiiiposed of extremely minulc and indivisible 
piitts called ^/ojwj (3). 

13. PDro^lty, —is the qualily in virtue of which inlersticcs or 
exist bciwteri tlie molecules of n body. 

Two kinds of pores may tic distinguished : p^ys{i\tl pf?ris, w'bere the 
interstices are so small that the surrounding molecules rcinain within the 
sphere of each oiher^s attrucilng or repel ting forces ; and or 

actual cavities aep^ss which these molecular forces cannot act. The con- 
Lraciions and expansions resulting from variations of temperature are due to 
the existcaceof physical pores^ whilst in the organicw^orld the sensible pores 
are the seal of the phenomena of exhalation and absorption. 

In w'ood^ sponge, and a great number of stones—for instance, pumice 
stone—the sensible pores are apparent ; physical pores never are. Vet^ 
since the volume of cver>^ body may be dimmished, we conclude that alt 
possess physical pores. 

■J"he existence of sensible pores may be show n by the following experi^ 
ment long gloss tuhe^ A (lig. 3), is provided with a brass cup at the 
topi, and a brass foot made 10 scre w' on to the plate of an air^pumpr ‘l‘he 
tmtlom of the cup toni^lsisof a thick piece; of 
leather. After pouring mtircury into the cup 
so as entirely to enver the leather, the air- 
pump is put In uction^ ond a partial I'acuum 
produced within the tube. By so dnmg a 
showier nf mercury is at once pri>duced 
within the tube, for the atmospheiic pressure 
on the mercury forces that liquid through 
the pores of the leather. In the sjirne man¬ 
ner water or mercury may be forced through 
the pores of wood, by replacing the leather 
m the above experiment by a disc of wtmd 
cut perpendicular to the fibres. 

When a piece of chalk is thrown into 
water, nir-bubbles at once rise to the surface^ 

In consequence of the air i n the pores of the 
chalk being expelled by the water, llae 
chalk will be found to be heavier after im¬ 
mersion than It was before, and from ihc 
ittcrease of its weight the volume of its pores 
may he easily determined. 

The pomsity of gold was demonstmted 
by the celebraied Flarenttneesperimenl made 
in t66t. Some academicians at Florence, 
wijhmg-to try whether water was compres¬ 
sible, billed a thin globe of gold with that 
liquid, and, after cEnsing the orifice hermetl- 
callyp they exposed the globe to pressure 
W'ith a view of altering its fniinn, Unnwmg that 
any alteration bill form mUst be acrompanlcd 



Tif. a. 


by a diminution in vulnme^ 
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'Hic C€in*equcTK^ w^Sp Lhsil l lie wat<! r fni'qed i i& ^‘o.y throu^li the f>«jrc 5 iif the 
j;oEd^ and stood on the outside of the globe like dew. More ilittn iwcnty 
yciifs previotjsi}’ the lyunc fact was demnnitraced by F rancis Uwictuii hy 
of n leaden sphere : the eicperiinenl has since been repeated with glcibes of 
other mel.ils, njid sSttiilar results obubned. 

34. JLppnreut and real -FnlaraeA. In consequence of [he porosity of 
bfwhes, it beenmts ntceasiir>' to distini^ish between thesr rfciiJ and app^irenl 
valnnies. The tw/ww/c of a body is the puni^^n of spnee aciimlly l^ccu- 
pkd by the matter of which the Ixuly is coinposed its n/^fiar.-fir iWww/r is 
the sojn of its ica] volume and the lolal volume of ils pores, Tht; rtial 
vnlonic of a body is invajdable^ but its apparent volume can He altered in 
various ways, 

I Appitontian*. The property of (jorosily is utilised in filters nf p^per^ 
fi It, sionCp cliarc<ia 4 &c. 'ITie pores of these substances are sufTicicntly lar^'c 
to allri^' liquids lu pass, but sitiaJl enough to arrest tlic jKissngo i>F any sub¬ 
stances which these liquids may liolct in suspensinn. Again, bkfge blocks of 
Slone are often delachcd in quarries by introducing wedges of tin' wyod into 
gmoves cut in the irick. These wedges being nioistcncd, w‘ater penetrate 
I heir pores, and causes theni to swelt with considerable force. Dry' cordi+ 
w'hen moistened, mcrease in diajneter and diminish in length—a property of 
which advantage has been uken in order to raise great weights, 

[fj. C9iiivT***ltintr*^Comfirjr:Ls£h7i/y is the property in virtue of w'bich 
fhe volume of a body may he diminished by pressure. This prnperty is ut 
once it consequence and a proof of purdsity. 

IkKiics dilTer graally with respect [O cflioprmibility. The most cuni- 
prcssiblc biidics ant gases ; by suiTicient preiLture they may be made lo 
sKcupy lEn, twenty, or even sd:ne hundred times less space tJian they do under 
ortlinarj'cironnstarvccs. In most cases, however, there is a limit beyond 
which, when the pressure is increased, they become hquidfi. 

The compressibhity tif Sdlids IS much less than that tif and is found 

in alt degrees. Cloths, paper, Gurfc^ wwxIjh nrc amongst the nuist com¬ 
pressible, Metals art M alii to a great ottent, as is proved by the prtwre&s 
fcif coining, in whidi the metal receives ihc imprcssiirn from the die- There 
15^ in most cases, a limit beyond whicli, when the pressure is increHised, biKiic.i 
are finriared or reduceil to pow der. 

1 he coinpressibiliiy o! liquids is so smaU as to have remained fijr a long 
4 une undetected ■ k ina>\ however^ be proved by cxperimtnl, as will be seen 
In the chapter on Kydrustntica. 

[?. i^ the projMrty In virtue of wliicli bodies 

rcsimae their original fortii or volutnc, w hen the force whicli altered that form 
nr volume Ceases to acu iCbistlcity may be developed in bcKlies by picssurtt 
by iractiem or flexion or and by torsion or In 

treating of the general properties of bodies, die elastliclty developed by 
pressure :iJone requires consideration the other kinds of cLLsticiiy, tieing 
^K-ruJtattii solid b^ies„ will be cdnsidered anioiigst their specific pmpenies 
(arts, stg, 90^ 91). 

^ i Vases and liquids arc perfectly elaitic ; in other words^ after undergoing 
a ^change in volume they re^n exactLy thetr original volume w hen the 
pressure beemnes wliai k originally wav Solid bodies present diRercnl de- 
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elasticity^ thouyb none present the properly m ihc 54inie perfcc- 
lion Jis i^uidt and gases* and tn all it varies recording m the lime during 
which the body has hten e^tposed to pressure. Caoutchouc, ivor^^ glass, 
and marble possess considerable etasticily; lend^ clay, and faii^ amrcely 
any. 

'rhere is a limit in iheelastidty of solids, beyond which (hey eLiher breale 
or are Incapable of rqfaiotng their original form and volume. This is r^lW 
the ; w ithin this limit nil snbslances are perfecUy elnstic 

In sprains, fur inslanct* tlie elasticity of the tendons has exceeded. 

In gases and liquids, an ihe contrary, no such limit can be reached ; they 
alwnys regain their original volume when the original pressiifc is restored. 

It a ball of ivory, glass, or marble be :IlI lowed (o fall upon a shib of potished 
marble, which has liecn previously slightly smeared wiih oil. It will rebound 
and rise m a licight nearly equal to that from which U fell. On afterwanis 
examining (he bil a, circular bfot of oil will be found upon it, uiore or Ices 
extensive according to the height of the fall. From this we conclude that at the 
moment of the shock the bail w^is ilaittned, and that iis rebound was caused 
by ihc effort to regain its original form. 

| 6. Huimity, motluD. rept. h the ptFipeny in virtue of whidi 

the position of a btjdy in space may be changed. 

Motion and rest may be eSihcr relative or abfrf»liJit. Ily the 
Mfi/km or w/ of a IxKly we mean iis change or pcrinaricnce of position with 
respect to surrounding bodies * by its or fvjf wx tncati ihc 

change or pennanence of ils position w'iih respect lo ideal fixed points In 
space. 

Ilius a pssenger In a railway carnage may be in a ^aic of relative rest 
with respect lo the tralti in which he irovels, but he is in a siaic of relalivc 
motion with respect to the objects, sucli as trees, hfiuscs^, Aec,, past which ihc 
train rushes. Thc&e houses again enjoy merely a siate of relative rest, for 
the eartb itself w hich bears ihcm is in a slate nf inces^^nnt relative mot ion 
with respect (q the celestial bodies of oar sobr system, inasmuch ns it move* 
at the rate of more thsin eighteen mites in a second. In shorty absolute 
motion and rest art unknowTi to us ; In nature, relative mnlinn and rest nre 
alone presented to our obsenMlinn. 

ig. XuvrtlL -Afcr>/ii is a purely negative though universal proE^ny of • 
matter [J6) ; it is the property that matlrv cannot of ii self change its own 
Slate of motinn w of rest. If a body Is at rest it remains so unril some 
force acts upon it+ if it is in mnlion this ntolion can only be changed by thtr 
application of some force. 

This property of inertia Is whtii U espresEed by Ncwton=s fin»t law- of 

motion. _ ■ 

A body* when unsupported In tnid-air, dot* not feill lo the earth In virtue 
of any inherent property, but Ijccause It Is acted upon by the force of gravity 
A billiard bull gently pushed docs not move more and nmre slowly, ,Tnd 
final ly-s(op, bccHiuse It h,n5 any preference for a state ot r^t, but because ils 
mminn i& impeded hy the frictiun on tbc cinili on wbich it rolls* and by the 
mistance of ilie air. If all impeding causes were withdrawn, a btjdy once 
in motion would continue tu move for ever in a straight line with unchanging \ 
velocity, ^ 

I* J 
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:2a Afipillefttlo3i4«< — Nqini:roti$ phcndm€]ui may be e^ploLined by ibe 
inertia of matter. For inslancep befafft leaping a *JiTch we run iL, in 

order that the motion of our bodies at the moment of leaplni^ may add itself 
to the museular efTorl then made. 

On deieending cftrelcssly from a caniagi^ in motidtv, tbe upper part of the 
body retains iti motion, whikt the feet are prevented from doing so by friedoft 
against the ground : the consequence is wc fall towards ihc muving carriage« 
A rider lalk over the head of a horse if it suddenly stops^ In sirtklng the 
handle of a hanumei against the ground the handle suddenly stops, hut the 
head, striving to continac its mntion, fixjts itself more firmly <hi iliq liandle. 

By the propert y of inertia may also be explained the following ejicperiincnfs: 
—Let a card Ih placed upon a turn bler^ and a shilling on the card ; if the edge 
of ihe card be smanly dicked with the finger the card is drii'en away and the 
edn falls into the tumbler. A gentle push with the finger will nvcjvc a door 
on iti hing» ; but if a pisiol bullet be hred against the door it perforates the 
door without moving tL A eby tobacco pipe, which is suspended by iwo 
vertical haifi, may be cut In two by a powerful stroke with a shjurp sword 
without breakliig ihc hairs. 

A string w^hlch gently applied wib ral^ a wctght, snapi at once when a 
sudden pull is exerted Substances which explode with great riipidlt)% such 
as fulminaiing mercuryp chloride uf nitrogen^ cannot be used with hre^arms, 
because there is not stifhicieut litne to transfer the motion in ihc projectiles, 
atid hence the weapons are bursL 

The terrible acciderits on nur jadwnys are chiefly due to inertia. Wiien 
the motion of the engine is suddenly arrested the carriages strive to continue 
the tnotion they had acquired^ aitd in daing so are shattered against each 
other. Hammers, pestles, atampers are applications of InertlsL fJo art* also 
ihc enormous iron fly-wheels, by w'hich the motinn of ttcam-ctigmes i$) 
regulated. 


Jh'iiJNrc a/ 
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CHAPTER III 

ON l-ORCE, AND alOTlCsN. 

21. Hcniure To obuin a proper mpnijurc of f<arce It neces¬ 

sary^ as a preliminaryp to define certain concepiions which arc prcsiipihiiccl 
111 that measure; and, in the first p!nce^ it is necessary to define the unit of 
time, ^^^le^cve^ a spokett of vi'ithout qualihcalianit is noderstood 

to be a second of wwiw Sf?/itr Iihix. The e^cact Id ngth of this unit ii fi xed by 
iht fotloui'ing considcratioiis- The insiant when the sun'^s centre Is on an 
obsen'ci^s mendian—in lather words, the inslani of the frumi^ of the sun's 
Centre—can be delctntincd with e^tactitudep and thus the itiien'al which 
ehipses betn-een two successive tiniiitts also admits of exact determinalinnp 
and is called an day. The [ength of this intcni^aJ differs sligbUy 

from day lo dA)% and therefore docs not aierve as a convenient Tneasure of 
time. Iti a^vrdig^ leni^th is not open to this objection, and therefore serves 
as the reciuired measurCp and is called a jw/nr ddjf. The Khiut hand 

of a commem clock would go exactly twice round the £ice in a mean s^ilar 
day if it Went perfectly. The mean solar day consists of 24 ccjual parts 
called these of 60 equal pans called and these again of 60 

equal iKirt^ called Cnitscqucntlyj the second is the S6t4^K^h part of 

a mean solar day^ and is the generally received unit of time. 

^2, oJ ap»M«- impact tiuiy be either o-r which 

is space of one dimension; rfr^r, which is space of two dimensions; or 
which is space of three diincnsions. In England the standard of 
length is the Hritlsh Imperial Yard, which is the distance between two fixed 
pinois on a certain meial kept in the Tower of LonduHp when the tempera- 

lurt: of the whole rod is 60^ P. - t5®‘5 C. It b, however^ usual ta employ as 
a unit, a/w/, which is the third part of a yanl In France the standafd of 
length is the this la approximately equal to the tcn-trLillionth pirt of 

a quadrant of the earth's meridiaii, that is of the arc from the Equator to ihe 
North Hnic ; tl is piacticany fixed by the distance between two marks on a 
certain standard rotL The illation between these standards is follows 
I yard metre. 

I metre ^ nogjfijj yard 

ITic unit of lenglh having been fixed, the unita of area and Volume are 
connecicd with it thus ^ the ififi/ fi/ is the area of a square^ one side of 
whkb b the unit of lengtE The ufttf </ is the volume of a cubci tine 

edge of which is the unit of lengtli. These units in the case of English 
measures are the square yard (or ftioi} and ihc cubic yard (or foot) respec¬ 
tively i in the case of French ineasures, the square metre and oihic metre 
refpecti>'ely.. The length of the seconds pendulum^ in lat 45®^ i^'hlch is 
about that of Milan, Is and thus only ditfers from a metre by ^5 

millimclrcs. 
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23. McfBBurci or -Tno bodies are said 10 ha%c equal masses wtieii+ 

if placed in a perfen baknee />j lhe>" counicrptNise each nl her. Suppose 

lA-c liiKe lumps of any jiubsiince, lead, butter, wikmI^ stonc^ and suppose 
that any one of them when placed on the one pan of a balance will exactly 
caunterpoisc any other of them when placed on the nppnsite pan—the 
h:Lla!tr*e tseinK: perfccl and the weighing performed f/i t'ftim ; ihts being the 
urase^ these lumps arc said to have equal masses 

The British unit of mass is the standard pound ^avoirdiapoish which is ^ 
certain piece of plaiinum hept in the Exchequer Office in Londnnh lliis unit 
having been fixed, the mass uf a given substance is expressed as a multiple 
of snhmultiplc of idle unii. 

It necfl scajEincly he mcnlioned that many distances nrc ascertained :md 
expressed in j^irds which it would- be physi cany i in possible to fneasure 
directly by a yard measure. In like mninner the masses nf bodies are fre¬ 
quently a:sccrlaEned and expressed ntEnvericaUy which could not be placed in 
a b.'il:mce and subjeaed to direct weighing. 

14. ikeniity^ and nlatlve d^attr.^lf wc consider any body or portion 
ii( matter^ and if wc conceive it to be divided inin any number of parts having 
equal valume&t iheOp if the masses of these parts ure ei|ual^ in whatever way 
the division l« conceived as laking place, that body is mic of 

rhe dr/fsJ/j of such a body is the mass of the liw/ Con¬ 

sequently, if M denote themasSrV the volume, and D the density of the 
body, w^e have 

M-VD. 

If now- w e liave an equal i-otumc V of any second substance w hose masi is 
.^E'and density wc shall hate 

Consequently, D : : M^i thiU ia, the densities of substances are in 

the same ralto as the masses of equal volumes of those substances. If now’ 
we take the dcnsily of distilled w^ter at 4* C to be untly+ the relative density 
nf any other sobstance is tlie ratio whieli the mas? of .any given volume of 
that substance at that temperature bears to the mass of an cquiil volume of 
water. Thus it is found ihai ihe mass of any volume of platinum Is 22-069 
times that of an equal voluinc of water, consequently the relative density of 
*7ilaiinuin is 22 069. 

The reJatix-e density of a subsinnce is generally called its 
iV 1 ethiKl:s of determining it are given in Bunk IIL 

In French measures the or iifrr of diaiilted water at 4*^ C 

Contains the unit of inassY the j and there fare the m.iss in kilo- 

grammes of V' cubic decimetres of a subs^tiuice whose specific gravity is 
wilt be given by the equation 

M-VT>. 

The! same equntlrtU will give the mass m of the body, if ia given 

i rp cubic 

It has been ascertained that 277274 cubic inches of disiilkd water at die 
temperature of I 5 C or 6<^ F. contain a pound of matter. Coniequenllyt 
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Sf V IS Tht tWww of a body in cubic inches^ V its its niass 

M in ^KiuTuls av^^irdupois w'ill be given by ihc equuMoo 

M- . 

377374 

In ihisi eqLtaCinn 1 ) 1% properly speakings the nclach-f densily of rlie snbstnnce 
at T 5’^'5 C. when the density of water at 1 5 ^' 5 IT- is taken a.% the unit, 

35. Veilocit? Mil itfl ei*saitij-e<— When a inatcnal poim moves, ii dc- 
serTibes a conEiniious lint wlikh maybe either straight or curved, and ti 
cahed its and snmethnrs ks MiVtion which takes place 

ttlong a straight line is crdEctl rrt/tlifurftr snoiion i ihaE. which lakes pEace 
along a curved line is Called citr7'r7ifitfrr motioti» The rate of the motlun of 
a point is called its Velocky may be cither tinffnrm or variable; it 

is ttfit/ortft when the point desertbei equal spaces or portions of l|s path in 
all equal limes : it is t^riaS/c when the point describes unequal portions ol 
its path in any equal timts. 

Uniform vclEidtj' is measured by the number of units of space described 
in a givL'n unit of time. The units coinmonty employed in this coiinlr>^ arc 
feet and setonds. If liir exainpICf a velocity ^ is spoken isf without qualiH- 
laiiion^ this means a velocity of 5 feet per second. Consequently, if a body 
moves for / secimds wilh a uniform vclncily x\ it wHI dciscribe T'/ feeL 

The fullowing are a few evampFes of dTRcrent degreed of \ elocityeKpires5cd 
in this manner. A snail feel m a secund ; the Rhine between Worms 
and Mai Hi y $; military- quirk step 4'^; modemte wind to t lasE sailing 
vessel 18^ t Channel steamer 33^3 : railway train j6 to 75 fecr j racehorse 
and storm go feet ; eagle loG feel; canitr pigeon 120 leet ; a hurricane 160 
feet Sound aE iiOqo; a shot from an Arm^itmug gun t.lSo: a Martrni- 
Henty ride bullet i a poini on the Equator in its mtaEion about the 

eitnh'a ajtis 1^520^ velocity of the vibmlory' motion of particles of air 1,590 ; 
the Centre of ilic eattii 101,000 fccl ; light, and also ckciricity in a medium 
destitute of resistance iqa^OOD miles. 

Variable velucity Is measured aE any inslant by the number i*f untis of 
space a body would describe if it eontinued to move uniformly from Ehai 
insEant fur .a unit uf time. Tlius^ suppose a body to run down an inclined 
pfane^ it is a maEtcr of ordinary’ obscrvalion that it moves more an<i more 
quickly during ns descent; suppose that at any point it has a velocity 15, 
this means Eh.ot at that point it is moving at the rate of 15 ft, per second^ or 
in other words, if ftesm that poini all incTrasc nf velcscits’ ceoserh it hvnuld d?^- 
scTil« 15 ft. in the next second. 

3^1. Tare*. - When a material point is at rcsq It has no innate pow-er of 
changing iti state of rest; when it is in nioEuiu ii has no innate power of 
changing in state ^^f unlfonn motion in a straight line, ThU properly of 
matter ii Lcrmcd its ifirr/itt {[9). Any cause which sets a point in motion^ 
nr w hich changes the magnitude or direction nfiis velocity if in moiimi^ is u 
0 rrnfifyy/rk/itm^ ihe fftuficrlfiyt springs or gases, or 

or rr/ff/ffWj ^ are All changes obsci%'cd In die inuriun 

of bodies can be referred to the action of one or more forces. 

According lo the length of lime during which it acts* a force rnayjje 
cither —such as the called Into play in an explosldn^ an 

imjwicq or the discharge Tif an electrical spark—or it may be teitfinvtftis and 


u 


like ihe altrnctlon of a maETte;i: or of gfaviLition^ or the forces 
tailed irtio play by aa electrical currenL The effea of a forte of the former 
kind Cwhich ii called an farce) *s, as far as oiir nbscivadon pcrniits^ 

Rrt insiantaneous change in the inamentum fsS) of the body on which it acts, 
while the effects of forces of the latter kind ace produced gmduilly, and re- 
sjuirc the lapse of ume toeKhibit themseh es. In order that Impulsive forces 
may produce any appreciable effecu^ their intensLiy daring the momenl of 
their action must be inde^niEely greater shan that uf continuous forces. An 
impulsive force is measured by the instantaneous change in Ihe momentum 
of [he body on which it arts. If the strength of a continuous force does not 
vat^\ it is called a force, 

27. ^ceeieratlve effect of foree^ —If wc suppose a force to continue 
unchanged in nnagnimde, and to act along the line of motinn of a pointy h 
will totninuaicatc pn each successive second a constant increase of velocity. 
Tills constant increase is the {>/ Thus, if ai any 

given tdstaot the body has a velocity lOp and if at the end nl the flrsE^ second^ 
third, &c.p second from that instant its velocity is t j, 16, tp, the ac^ 
celeraiive effect of the force is 3 ; a fact which Is expressed by saying that 
the body h.'is been aacd on by an accelerating force 3. 

If the force voT)'from instant to instanEn its accelerative efTect will also 
vary i when this i^ the case the accelerative e^cct at ^my insumt is measured 
by the velocity St would communicate in a second if the force conEinued 
constant from [hat inst-mL 

Uy 111 carps of .10 experittient |o he described below^ (80) ip can be shown 
that at .my given place Ehe acceleriLLLVc effect Oif gravity ^ is constant p but 
IE is found to lui^'e diirerent values at differenE places ; adopcing the units of 
feet and sccunds it is found that with sullicicnE approximation 

g -/{t —0^002^6 cos a^) 

at a place whose btitude is where/denotes she ouinber 35’[734^ that is 

the effect of gra vity in latitude 45^ 

If We adopt the units of metres and seconds^ then 

36. nr quantity E^f motion ts a magnitude varying os the 

mass of a body and its velocity jointly, and Is therefore expressed nunrericaJly 
by the product of the number of units uftna^s which It contains.^ w, and the 
number uf units nf velocity^ in its mm ion, or by *t$v. Tlius a body con¬ 
taining 5 lbs. of matter^ and moving at I he nitc of ts ft. per second^ has a 
Tumnentum of 6cx 

29. Of fnre«F— Force, when cnnslanl, is measured by the 

it communicates to a btjdy in a unit of time. If the force varici* it 
Is then measured at any instant by the momentUTn it would communicate if 
it cunEiEiued constant for a unit of time from the insiant under consideration. 
On the Uritish sjisteni of weights and mcnsur» the « that force 

which at^ting On a pound of mailer would produce in one second a vetnciiv 
of one foot per second. To this unit the term ptruiidii has been "applied 
Consetiuenily, if a body contains m lbs* of matter, and is acteil on by a force 
whnse nccclerativc efFcct is / that force cuntaltis a number of units of force 
(F* given by the eejuation 


F = m/ 


- 30 ] 0/ Forf^es. 15 

The w-«i|jhi of R body, zifJim fAa/ /^rm n is ilic forec cscfied 

on it by j^raviLy; consequently, if m is ihe mass of the body, and ^ the 
Acceleratiitif force of graeily, ihe number of uniis of force W txened on it 
by BTaviiy is given by the equation 

W _ fff^ 

or (37) W - -000356 ctM 

From ibis it ts clear ihai the weight of the same body will be difTerenl at 
different parts of the earth's surface ; this could be verified by .utachin^ a 
piece of platinum (nr other inetal) to a delicate sp^'ing, and noting the varia¬ 
tions in the length of the spring during a voyage frtsm a staiion in the 
Northern Hernisphere to another in the Sonthem J ltmtsphere—for instance, 
from London to the Cape of Guod Hope. 

\\liettp therefore^ a h used as a nnit of force it must be understcMKi 

to mean the forte W exerted by gravity on a p^vuiid nf mnitcr in London, 
Now, in London, the latitude of which is 51*^ 30', the numerical value of 
33 'i 9 t:!, so that 

W* I " j 

in other words, when a pound is taken ajs llic unit of force il contains 
units of force according to the measure given abdvcu It will be observed 
that a pound of matter is a completely dciennlnatc quantity of matter irre¬ 
spective of locality, but gravity exerts on a pound of matter a p^jund (or 
33 1912 unltij of force at London and other places in about the same Lititude 
as London nrdy ; this ambiguity in the term pfljrirJ should he carefully 
noticed by the student; the context in any treatise will always show in which 
^nse the term is used. The absolute unit of force as defined above is con¬ 
stant ; it is about equal to a weight of half an ounce at Ijortdon. 

30, V«|irfrridntavipn Of r^ren^— Draw any Straight line AB ffig. 4;, and 
fix on any point O in iL We may suppose a force 10 aci on the point O, 
nlong the line AB^ either towards A or B ^ then 0 is 
called the applioifirfn tf the force, AB its line S ir o' ~jr a 

□f action : if it acts towards its is OA> if Hr- 4 

tofvard Its direciinn is OB. It is rarely necessary' 

to make iht disiinaion between the line of nctlpn and direction of a farce ; 
it being verj^ convenient to make the convcnilon that the statement—a foicc 
iicts on a point O along the line OA—means that li acts fmm O to A. Lot 
us suppose the force w^hich acts on O along OA to contain P units of forte ; 
fmio O tow'ards A measure ON containing F units tsf lengthi the line ON is"" 
*afd to tefirrirmf the force. The analogy between the line and the force is 
^ery complete ; the line ON is drawn from O in a given direction OA, and 
ranlains a gtvcTi number nf units B, Just as the force acts on O m the diitc- 
Bon OA^ and conTains a given number of units P. It is scarcely necessary 
to add^ that if an equal force were to act on O in the opposite direction, it 
would be »id to act in the direction OB> and would be represented by OM, 
equal in magnitude to QN. 

VVhen wc are con^deriiig several forces aiding along die same line we 
™y indicute their directions by the positive and negatht signs. ITius llic 
forces mentioned above would be denoted by the symbols t V and - I* 
respectively. 
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31. alonir ttw »miic line- —Ef foitci n.Ct nn itiC point O 

In the dlfcctinn OA ettunJ l*> rcapcrth-ieSyt they equn^j^=nL 

in A fiiTvsie foTM R eortiaininE a* many iiniis as P imil Q together ; that iSp 

R-P+ti. 


!f ihe sijjn + in the ab^ji'c equation tfi'fUtff a/gf^rfiitu/ addition, ihe equation 
wiEI continue true whether one nr hnili ihe fortes act nlonir OA or OK. It 
is plain that the same rule can be esitndi:d eo any number of forces, and tf 
several forces luwc the a,^nte line of aetbn they are equivalent lo or^ 
coniaininK the same number of units as iheir n//riim 4 W amiL Tims i< 
forces of 3 and 4 units act on O in the direction OA^ and a force of 8 m ine 
diiection UR, they arc eqnlvalcitl 10 a singk farce cnnlaining K units given 
l»‘ Ehc cquaEton 

' R-3 + 4- a-—I’, 


that is, R is a force eonlaimng one unit nciing nilong OB. This force H t» 
called ilieir rfsuUfitiL If ihe forces arc in equihbriuni K js equal [o 
[n this case the forces have equal Ecndencies lo mtivctbe poinl O inopposue 

direaions. , , 

3?, KrtAnlcaot. and ctnnpi<iiii*Bt». —-In the bist article w‘c saw that a sing 
force R cnutd be found equivalent to several otliers; this is by no ineam 
peculiar tn the case in which aJI the forces have the same line of action ; in 
fact, when a materinJ point, A {tig. i), retnuitis in equili- 
biium under the acbon of several furces* Pi Q' 

50 because any one of the forces, as St Is capable of 
neutnilislng ihc combined tlTecta of all ibc oihet^ ff the 
force therefore, had its direction rci tried, so as to net 
along A R, ihe prolongatioTi nf AH* 5 l would produce the 
same eficct ns the system of forces l\ Q- 

Now, ft force whose cflTect is equivalent to Ehe com- 
bined cffecls of several other forces h called their r^rmU- 
aiif^ and, with respect to this resultant the other forces 
\ are termed 

When the forces P, Q act on a t3omi they cjhi only 
have ftfle* Ttrsuliant; but any single lorcc can be resohed 



into Components in an IndeEnlte number of ways. 

If a point more from nrsh under the aciimi of any mitnbet of forces, it 
will begin to move in the direction of their tcsullant, _ 

33* 4pf fore**- —When two forces atl on a point their 

resultSLnt Ik found by Ehe fnllowing theorem, known ns the principle of the 
painllelogmm of forces /oftvrj nr/ o niai 1/ /ffl/s ^ tfnftim 

/ram tkat pafni rfprt^rnHng fkr /arc^ rV nnrf rfjjw/4w, 

/Ar/r //wrj us atiti m p^irit/ff/ogjruM At rrtrfr/r'tfr/rtf^, ZA/re /vowZ/eJo/ tfvy/ 
r//rvym/rrf rs tfmf /itr&fi&ft Ar /Au/ //#rij^iwaZ a'AirA fiajsf^ fAraog 

/Ar Thus' lei P and Q (fig. 6 ) he two forces acting on the ^im A 

along A I’ and AQ respectively, and lei AB and AC be ihktn containing the 
aaimi number of unlis of length that P md CJj contain tmiLs of force t lei the 
pamlleh^ram ARUC bt completed, and the diagonal AU drawn ; then the 
theorem states thal the resuEEant, K, nf P and Q is re presented by AU ; il^t 
is to say, P and Q together are equal to a single force R acting along t"® 
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line A Dp An<l eentatnlng as iriAiiy unlls ctf force AD {:dntain^ units nf 

Proofs of tlii« theorem are given in treat ifira on Mechaolcr^ ; we wiJ> here 
give an aceount of a direct cvpcnmcnt.ii vcrificatiwi of its imth ; but before 
doing so wc must premise an neentrnt <jfa vcr>' simple experimentr 

iej A (fig+ 7 ) be n sniaEI pullcj% .-uid kt it turn on a smooth, liandp and 
thin astle with liuld Of HO friction ; Sci; W be a w'cighi litd to ihc end of a 
fine Thread whicli passes oi'cr 
Uic puUcy j lei a spring CD be 
attached hy one end in ihe end 
C of the thread and by the end 
l> to another piece of thread, 
the other end of whtrh is fastened 
to a hxed point II % a scale CK 
can be faslmcti by nne end lo 
the point C and pas& inside the 
spring 50 ihat ihc clongalian of 
the spring can be measured. 

Kow it w\l\ be found on trial 
liuit with n given weight W the clongatiori of the spring wtll be the same 
whatio rr the angle cnncained between the parrs of the string WA and HA- 
A3sn it would be found that if the whole wtns sustrenided from a fixed point, 
instead of passing tsver ihe pullqy, the weight would in this case sirctch the 
spring to the Same eictcnt as before. This expcrimeni shows ilv.s[ when care 
i* mken to diminish w the utmn^^t ibc friction of the axle uf the puHey^ and 
she imperfect flexibility of the thread* the weight of VV is transmitted without 
sensiWe diminution to and exerts on that point n pull or force along the 
tine UfA vinuolily equal to W; 

Tills being preniiscdi an experimental pr<Kjfj or lUustraiion of die paiaticb 
Qgram of forceSt nmy he made as follows ;— 

Suppose H and K (fig. 3) to bq iwo pullc^ with Jixtes itiade as snif?oih 
and dnq as possible i let i* and Q be tw^ weights suspended from dne and 
^xi We threads which, after passing over H irnd 
K, ate fastened at A to a third thread AL ftrim 
which hangs a weight H ; let the three weights 
c^c to rest in the positions shown in the figure. 

Snw the porni A is acted nn by ihiec forces in 
equLlibriuni, vit P from A to Ht Q A to 
K, and It from .A to I. ; ennsequentiy^ any one of 
them must be equal and opposlEe to the rc- 
siiltani of the miter two. Now If we suppose 
it'c apparatus to be arranged imtnediaiely in 
from of a large slate, we can draw lines upon il coinciding wfiK All, AK^ ami 
AL if-now wp measure off aJotig .AH the p:irt AH containing as many 
mchcs as P contains pounds, and along AK the part AC containing as many 
inches as Q conEaitis pounds, and cotnplele the piiralleln^ni .A BCD. il will 
be found that the diagonal AD U in the same line as AL, and contains^ 
inches os K weighs pounds. Consequently, the msultanl i>f B and 
reprtscnied by Al>. Of course, any Other units of length and force might 
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liii.%'c been eniploycd. Sow it w pH be found that when P, Q, and R am 
thanged in any way whatever, consistenl with equilibrium, tht same eon- 
iiLmeiion can be made,—the point A will have diflerem (m^itiuns in the 
dkdcmnt case&; but when equilibrium is established., and the pamUelogram 
A BCD is constructed,, it will be found that Af 3 is vertical, and contains as 
niEiny units of length os K contains unt(s of force, and cotisequenliy it repre¬ 
sents A force equal and opposite to H ^ that it represents the rcsulLani o| F 
and tj. 

34. XtevDltwnt of wdt d amber of toTKni netlnr tu OUe plane en a 
peiDt.— Let the forces F, Q, K, S {dg, 9) act on I he point A, and let them 
be represented by the lines Ali, AC, AD, AEj as 
shown in the figure, complete the pamlkln- 

gram ABFC and join AF ^ this line represents the 
resultant of P and Q, AwW/y, complete tlie 
parallcEogram AFCD and join AG ', this line re¬ 
presents the rcsuluni of Q, R, rAiVi/f/t ctun- 
plcte the pnrallclogTam Air HE nnd join AH ; this 
line represents the resultant of P, Q, R, S. Ei is 
manifest that the conslniction can be extended to 
any number of Torces. A little consideration wiKI 
show that the line AH might be determined by the 
folTowinfi constnictioil i—Through li draw |IF 
parallel to, eqiial lo, and lowaitls the same prl as ,AC; through F draw 
FG parallel to, equal 10, and towards the same part as AD j through (? draw 
GK parallel to, equal to, and towards the same part os At; join AH^ then 
AH represents the required resultant. 

In place nf the above constructiou^ the resultant can be determined by 
calculation in the fnllnwint*: manner i-^Thmugh A draw any tw'o rcciaiijrutar 
o-^ca AX and AY ing. to't and let a, ^7 be ihe angles made with the axis 
AX by ihc linefs ricprEseniing the pressures^ then F, Q, R can be resohed 
into P cos a, Q cos dr H cos y, acting along AX, and 
P sin er+ sin R sin y, acting along AY. Now the 
former set of forces can be reduced to a single force 
X by addition, atiemion being paid lo the sign of Crtch 
cnmpcmeiit} and in lihe matmtr the bitter forces can 
he reduced to a single force V, ihai 

X “ F cos. n Q cos ^ + R Cdfi y+ ^ , 

Y“ F sin q + Q iin ^ R sin 7 + + * . 

Since the addition denotes the tt/fth'mi’ai sum of the 
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Kiff, 


quantities nn the nghi~hand side of the equations, both and 

uf X and Y are kium-n. SupfKkse U to denote the required resultant, and ^ 

I he angle made, the line teprescniing it, with the axis AX , 


then D cos and \J sin 

These equations give D* which Hclermines the magnitude of the 

rcsultani, and then^ since both sin p and cos p are known, p Is determined 
wfihout ambigukty. 

Thus let F, Q, and R be forces of too^ ts^and liO units, respectively. 
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and suppose XAF^ XAQ, and XAR in be angles vf 45*^ i 30 °^ and 3E0^ re- 
aptciively. Then iheir eorupfinenEs along Ax nr* 7^7* - 75, - and 
iJieir components aJong AY are 707 ^+ i59g,-6oL Tlie sums of thc« (wo 
seta being respectively - loS 2 and 140^ we have U cos i^i- -1083 and 
U sin i4Q''6; 

Lbicrefore U'-* - (loS' 24 ( 140 - 6 }'^ 

or U - (774 

hence 177 4 cos ^ - loS i, and I77-4 sin 104^ 


If wc made lase of the ftsrmcr of these equations onJy^ wt should obtain ^ 
equal lo 231'' 15'^ or and the result would bo ambiguous : in like 

manncri if we determine from the second equation onlj% we should have 
^ equal to 52^ 15'^ or 127^ ; but as wc have both equations^ we know that 

^ equals ta?" 3j\ and consequently the force U is completely determined as 
indicated by the dotted Jine AU. 

35^ CandltldDA pf pqwlltOrtom Of any forcei actluif fn one plajuo 
OD m. points— Jf the restillanc of the forces is jiciOt tliey have no joint 
tendency to move the poini, and consequently are in equilibrium. This 
obvious principle enables us to deduce the ful towing const ructions and 
equations, which serve to ascertain whether given forces will keep a point at 
rest. 


Suppose that in the case represented in fig. 9, T is the force v^ htcfi w-ill 
balance P, R, S. It is clear that T must act on A along H A produced, 
and in magnitude must be proportional to H A ; for then the ressulLont nf 
the hve forces will equal tero^ since the broken line .AJiFfJHA returns to the 
point A. This construction is plainly ^uivaietil to the following : l,et \\ Q, 
^ 11} be forces aaing on ibc point as indicated^ their magnitudes 

^d directions being given. It is 
kn^iwn that they arc balanced by a 
fourrh iforetj and it {5 required to 
determine tbe magnitude and dt- 
tertion of S. Take any point D, 
and dmw any tine parallel to and 
towards the smne part as O i\ draw 
AH paTniTlel to and towards the 
pari as 0 ( 2 , and take AH 
«*ch that V : Q ;: D A : .A Ik 
Thmugh li dniw B C pamllcl to 
! 4 nd towards, the same part as O 
taking HC such that Q : R::AU : HC; join CD; through 0 draw O S 
l^mllcl to and towards the same part as CD^ then the m|uired force acta 
Q S, and is in magnitude proptuntonal to C D. 

It ts to be nl^rved that this construction can be extended to any nuniber 
urcM, and will apply lu |he case in which these directions are not In 
one p^ne, only in this CniBe the broken line A BCD would not lie wholly in 
above construction is frequently called the qf 

abn^f h***-*^*^ ^:ourse, included in the 

: but Its importance is such that we may give a separate fiaLcment of 





20 Ott Matter^ f<?rec, ami iToiion. [35- 

It, I_ci \\ fj, R (fig+ 123 be ibree forces mcqliitibrtum on the jjoini O. Troni 
any point B draw BC paralkl to and towards ihc same part OP, from C 
draw CA oanilloS lo ntid towards tbe same |Kirt as and take L'A bucIi 
that P : It C ; CA; ihcn, on joining A H, the third force R mu&t act danj; 

0 3 ^ parnlfe] to and townirds the same part as A H^and mast be pmp^irtional 
cn lOLninkude to AB. This rionsiructlon is frequently called Tr^tirt^f t?/ 
Fomri. Jt is evident that while the sides of the irianglE are severally pro- 
imrtianal to P, Q, R, ilte angles \ B^ t arc suipplcmcntarji' to R OIV 

tM'JQ respectively; consequent!>% every irijtotiometrical relation i^xistinjj 
hetween the sides and angles nf ABC will equally exist between the fcarcs** 
|J tj, K* and the supplements of the angles between their directmns, Thus- 
in the triangle ABC it is known that the sides are proportional to the sines 
of The opposite anglCTB ; now, iince the sines uf the angles are equal la the 
sines of their supplemenis, wet m once conclitdc that thr^^ptrfj ate tii 
fark u /^taJ^r/WHii/ to iAtsmnf theangh Me ifir/ftiaifS 

aff/ft fi/Atr ftiw. Li 

We can easily obtain from the equations which determine I he resultant 
of any numWr t»f forces (34) equations which express the conditions nf tqui; 
librium of any nurnber of farces acting in one plane on n point; in if I 
=0 we must hate X -o and Y - o ; that U to siy, the required conditions of 
equilibrium are these 

P cos a ■*■ Q cos R Cos 7 + +. K 
and o ^ P sin fl + Q siri + R &lu y +.., 

T"hc first of these equations shoe's thm no part of the motion of the point can 
take pLice along As* the second that no jtart can take place along Ay* In 
other words, the point annot move at all, 

jG. CerapnnltloD and rtiflUatleia pwratlei forcei*- -The C^se Of the 
cttuillbriLm of three parallel fortes is merely a partituliir ease of the iJq«i.lj- 
brium of ihrtt fotxes acting on a |Hjint. In hict^ let I 
and Q Iw two forces whose directions pass thrcuj*h the 
palms A and It, and intersect in f> ^ let them he baJ-'inced 
by a third force R whose direction produced intersects 
the line A H in C. Now suppose the point O to move 
along AU.gradUs-illy receding from A. the magnliudc and 
direction of R w-ill eontinually change, and also the [lolm 
C w 411 continually change its posltian, bui will always lie 
between A and B. In the limit R and berome piarnlle| 
farces^ acting towards the same part b.ilanced by a piiTallel 
furcc K acting townrds the cuntnii^- part chraugh a prdrit 
X between A and B, The question is :— F/tst^ on this 
limiting cast wdiat is the value uf R ; Ji^ontFy, what Is the 

position of X ? Now wUh regard to the first puint it is plain ^ k" 

angle w ere drawm as in art 35, the angles a and ^ tn the limit will vanisbi 
nnd r will become iSgS®, consequently idcimately equals ; 

or 

With regard to the second point U is plain that 
^ OC sin PDR^OC sin AOC« AC sin CAO 

jind OC stn KOf^-OC sin ROC-CB 
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thi:refofe AC sin CAQ : Cd itn CBO::fib POR : itn KOfJ 

N[*w in the limit, wh-cn OA and O U becQmq pai^klt OAB and Qlt A 
become supplemontar;,'; thai is, ibcir sitics becomecqiia ]; also AC and CJJ 
beewne rcspectivelj' AX and XU : conscqucnily 

AX:XB::Q:P, 

a proportion which flelcrrnincs ihn poillioti of X. This the>urcm at once 
leads Id the rules for the coinposilioit of any two parallel forces vh .— 

t. When two povralki forces P and Qact to>A*ards ilie same part« at rigidly 
connected points A and Bt rcsiihaiit is a |mallcl force acting low^irds 
Ehc same part, equal to theSf sum, and its direction divides the line A B Into 
two pans AC and CB ini'eraely proporiiunaJ to the forces P and tj. 

El. When two parallel forces P and Q act tnwaids contrary parts m 
rigidly connected points A and B, of which P is the greater, their resultant 
IS a parallel fnree acting towards the same part as P, cqutd to the excess of 
P over E^t direction divides UA produced in a point C sueli that C A 

and C H are inversely propcriional to P and 

In each of the abosc cases if we were to apply K at the point C, in oppisno 
ilircctioTis to ihodf shawm in the figure^ it would plainly (by the above theorem) 



FtC- 14- Pig. I r. 


^^nee V and Q, and therefore when it acts as shiitm In figs, 14 and 15 it^ 
the resultant of F and Q in those cases respectively. It wdj^qf enurse, tollciw 
that the force R acting at C can be resolved itiio P and Q acting at A gnd H 
respeciively* 

If the Second of the above theorems be eximined, it will be found that no 
force R equEvaknt to P and q when these forces art equal Two 

B^ch fnrMs Constitute a which may be defined to be two equal 

^f^llc] fwces acting towards contrary^ parts t they pnsses^k the remarkable 

mpeny that they are incap.^blc of being balanced by imv sihkIc force what* 
floever. ‘ 

lit the <^5e of more than two paraJSeL forces the resultant nf any two can 
th Tk ‘ ^ afidathird^and soon toany number; it can be shown 

unit number of forces they wid cither be in equilibrium or 

fttouce to a singte resultant or to a couple. 

of partxt#! ror«4«, referring to figs. 14 and 15. it will be 
that If w C conceive the poinu A and B to be fixed in the directions 
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AV jijitl HQ of the forces P and Q, aiid if we suppnse thoM direct tons to be 
turned round A ind fl, so m continue jHtmllel and to make any given 
nngies with their orttfinaJ directinn^ then ihe dircrtion of ihclr ntsiiEiAnt will 
continue to pits® through C ; that psini U iherefore coiled of the 

pnralTel farces P and Q. 

It appears from Invc&tigntion^ that whenever a system of paraHeT farces 
reduces to a single resuliant, thofie forces will have a centre ; that \& to say, 
if we conceive each of the forces to act at a fijiced pnintp there will be a point 
through which the dircertion of their resnltam will pass when the directions 
of the forces arc luiTied through any cqupil angles round their pninls of 
application in such a manner as to retain the par.ilEelism of their directions. 

The mnsl fatnitiar example of a Centre of parallel forces it the case In 
which the forces arc the weights of the part* of n. body ■ in thii case the 
, ftirces all acting towards the same part wilt have n. resultanL, vii, their sum; 
and their centre is called the ^jcriitify of the body. 

3S, M^mean or rpreo*. —Let P .fig. denote any force acting from H 
to Pp lake A any [Kwnt. let fall .AN a perpendicular from A on HP, The 
prixlitct of the^ number of units of furcc tn P, and the number of units of 
length in AN, is called the moment ufl^ w-iih respect to .-V. Since the force 
P can be represented by a stmlght Ime^ ihe moment of P can be rcpiTAenlcd 
by an area. In fact, if HC is the line representing P, the moment is property 
TEpresented by iwice the area of the triangle AHC. The perpendiculur AX 
is siuinetimcs called the arm of the pressure. Now' if a wfiith were placed 
with it* fhee upwards on the piiper, the fufEc P would causo the arm AX to 
turn round A En the ^^fl/fl/rydireclinn to the hands nd' the 
watch. Under these circumstances, it is usual to con^ 
sidcr the moment of P with respect to the point .A to be 
positive. If p acted from C to Jl, it w'ould turn XA in 
the direction as the lumds of the watch, wud now its 
moment is reckoned 

'fhe following remarkable relation exists between any 
forces acting in rme plane on a body and ibcir resultant, 
Tnike the moments of the force* and of thdr resultant with respect to any 
one pi lint in the pline. Then tlie tnoment of the resultant equals I he sum 
of the moments of the sevcml forces, regard being had 10 the rr^i^r of the 
moments. 

If the point about which the mimicnrs arc measured be taken in the 
direction of the resulmnt. its moment with respect to that point will be lero; 
and conHsiucndy (he sum of the moments w ith respect 10 sutb point will be 

Ecro. 

39. Xquwltrr «*■ nettoij amt reueHno*— AV c will proceed to eKcmplif)' 
some of the prindples now laid down by investigating the conditions of 
equilibrium of bodies in a few simple cases i but before doing so we must 
notice a law' which holds grwd whenever a mutual action is called into play 
between two hodieL AVuv/fM fr a/mi/j nnJ rm/mry A? nrAbn/ /Atif 

MI A? f/ff fjfu/uft/ 4n/trMji ii/ /w(f knitts tm £ticA fftAtr urt iiitifayi 

tn i'a ffiwttfm. llkis Liw [% perfectly genera^ 

and is equally true when the bMjdies are in motion as well as when they are 
at rest. A very tnstructtve ex:impte of Ehk law has already been given (33), 
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In which the aclion on the CU (fig* 7j ii the weight W tnarumitted 

by the spring lo ^nd Ixtianced by the reaction af the i^nfsiind traniniliicd 
from H lo IJ, lender these drcumsl;afiqe^ the spring is said to be stretched 
by a force W. If the spring were remm ed, and the thread were continuous 
fruin A to Bh it js clear that any part of it is stretched by two equal forceSp 
viz, an action and reactionp each equal tn and the thread h said la sustain 
a teniiort W. When a bi>dy Is urged along a smooth surrace. the mutual 
action can only uike place along the commnn perpendicular at the point of 
GontacL Ift however, the budieii arc rougli, this restriclion is partially re- 
mo^'cd, and now the mutual action can take place in any direction tioi 
mahing an angle greater than somedetenninate angle w'iih the common per¬ 
pendicular. Tins detenninate angle liaa diflcretit values for different sub- 
atafices, and is sometimes called the aftgfe sometimes 

the ef rfpese. 

THo lerer is a name given to any bar straight or curved, AB {fig. 17) 
resting nn a fixed painl or edge rolled theThe forces acting on 
t he lever art the or resistance the 

fi^vr and the renction of the fulsrrom. 

Since these are in equilibriuirit the resultant 
of P and Q must aci through Cp other¬ 
wise ihty cnuld not be lialanced by the re¬ 
action. Draw S at right angles to IJB :md 
ca to PA produced ; (hen observing that 
P K Off, and Q » rtS are the moments of P and 
w-ich respect to c, imd that they have con¬ 
trary signs, we have by (j8)j 



P X Cii - Q n I 

an eqtiaiimi cnmnonty expressed by the 

™ie, that iii i/te /rvfr /j#g» is /p /Ai' 

^rigAf in int^rnfi fVJfAfi /Aa^ arms. 

Levers are di^ndcd into three kinds^ according la the position of the 
luicnim With respeci mthc points of applicacinn of the powerand thcw eiehl. 
Jn a ifjvr n//Arjfrsi Aind ihe fulrrum is between the power and resistance, 
as m fig, 17^ and as in a poker and in the common sEcelvard; a rxiJr of 
and a prpenter^s pincers are double levcnt of this kind, i n a iavr 
9 f ^ tftpmi Aiftd the resistance is bet ween ihc powder and the fiilcmm, as in 
a wheelbarrow, f>r a pair of nutcmvkers, or a door ; m a /rrvrn/ fAf fA/rd 
the power is betTA cen rlie fulcrum and the resistance, as in a reiir ot 
Eongs or the ircadle of a lathe. 





pulley h a hard drcubrdijtc of wood or of metal, m 
edge of which ]jj a groove, and which can turn freely on an axis in the 
Site eilher jir^d, as in fig, ifi, where the srirmp or fork is 
S» ly connected w'tEh some immnvable body, and w*^herc the axis rotates in 
iht ^ mumble, as In fig. ig, where the asisi h fixed to 

k ^ “ fEiM«» through a hole In the centre of the disc. The row 

at *** suppons a weight nl one end ; w hile 

other a puH is applied to hold thk weight in equilibrium. 
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We may lacik upon the and the resistance as acting at the circum- 

ft fence of the dicSe; henee as the radii are equal, if wc conaider the pulley 

as a kver, the two arms ate 
equalK find equilibrium will 
prevail wbcnyhe power and 
ihe rosisiance are equ-d. 
The (ixed pulley alTordj^ thus 
no mcchan i cal adea ntaget 
but U simply convenient in 
changing the direction of the 
application of a force. 

In the ease of the mov¬ 
able piillcy the one end of 
suspended to a 
at la a licam, and 
fit is attached m the 
%hich the pnltcy 
tension of the 
rope ia ever) where the same; 
one portion of the weight k 
suppcHTtcd by the fined part 
and the other by [he power^ a nd these are equal to each other, and are 
together equal to the weight, including the fwHey ilself: hcntc in this case 


Fitf* tK 


Rtf-19- 


. .. , . . ., 
If severni pullev's are joined together on a common nais in a special 

sheath, which fixed+ and a rope passes round all those and also ronnd a 
limilar but movable combinathm of pulleys^ such an arrangement, which i^ 
rcpfcsented in fig. iio, is called a a/ijf /iiMfr 

If we Consider the condition of the rope it will be found to have cverj-- 
whcrc liie same tension the weight Q which is attached 10 the hook 
comninn to the w’hole s^.'stcni. Is supported by the siK portlniis of the ropt ? 
hence each of these portions will sustain one sisth of the weight; the force 
which 15 applied at the free end of tlic rope which passes over the upper 
pulley, and which dEtcnnincs the tension, will have the same value \ that is 
to say, it will support one siatth of the weight, _ 

The retniion between power and resistance in a block .ind tackle is 

expressed by the equation P * , in which P Is the power, Q the weight* 

fi 


and ft the number of cords by which the weight ia supporteiL 

42, The wheel and rnmXt, The older form of this machine, fig. ai* is 
that nf an axle, to which is ngidly fixed+ concentric with iu s wheel of larger 
diameler. The ptswer v> applied Eangentblly on the whteh and tlw resistance 
langentially to ihc aale, ihr tnstartce in the treadmill and waicr-whedL 
hornet iin£&, es in the Oise of the capstan, the p^iw'er is applied m spokes 
fixed in the mitlc. which represent semi'diamelets uf the wheel; In other 
sia in the windlass the handle is rigidly fixed to the axis. 

In all its modiiicaiitrtts wc may regard the wheel and axle as an applka- 
'\lon of the teveo the arms of which arc the radii of the wheel and axle 
respcaivciyj and \n alt cases equilibrium exists where the power h to the 
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resulancc si* ihc raijiu^ df the njcte is td the radius of the wheot. Thus in. 



fig. 31 , P t Q —l ilTi ■or P K iluffcQ K rtii. 

Frequeni applfciiEions of wheels of d liferent diameiei^ are met wleIi in 
which the motion of one 
wheel is transn'kiiicd to an* 
oEhcr^ either by means of 
teeth httin^ ^ each oiJicr on 
Ehe circumrcrenrt of the 
wheels^ as in 33+ or by 
ipeana of bamds pajtKing over 
the two wheels^ tis in Uie 
iltiistration of Ladd's 
ncto-Elettriml ^Eachinc {$ee 
Book viiu)w 

In fijf4 33| which repre¬ 
sents tbc es^nti.il parts of a 
crab witirh, in order to raise 
the weli^ht Q a power ^ must 
be applied at the circumfe¬ 
rence of the wheel such that 

/ ■ (2 g, in whkh r and R 

ire the radii of the axle 
and of the UHithed wheel h^j 
respectively. 

The rotation of the wheel 
rf is clfecicd by means of ihc 
smaller wheel c or 4 -rti^+ the 
t«t1i of whkh fit in those of 

But if this wheel is to 
exert at its dretiinfcrcnce a 
power the po-wef P which- 
» applied at the end of 


ihe handle must he P- gr/i in which r* is the r4dius uff“, K'lhc lenj^h of 
a lever at the end of which P acis+ and conseqnenEly 





The radius of the wheel w that iif the wheel as their respective cir- 
cuttifcrcnce^; and^ as the teeth of each ore of the same skc| the eirmm- 
fcrencca will be at the niiinber of lecih- 

Tmins nf w'heelworh are used, noi eniy in raising great weifi^hts b^' the 
ewnion nf a small power j as in screw jacks, emnes, emb winches, but 
also in clock and watch works^ and in cases in w‘^!ticii changes in vehxily or 
in piiW-cr Of tvtn in direction are r^uired. Nuincmns c^^iples w*iUbe tn^i 
with in the vaneus apparatus described in this work, 

C 
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dt KBc!liB«<i rimnn. The prnpcrtk^ and Iaws of the Inclined plane may 
be convenietuly dcmonstrdced by meant of ihe apparatus represented m 
tlu. nrpttien ts ihe tectinn of a smooth piece of hard wmid nmgea at 

R t by ineaosof a screv^ it can be clamped ai any angle j-against the afc- 
^ shaped support, by ^'hich al the 

same time the angle can be mea¬ 
sured ; rr is a cylindrical mllcr^ lo 
the axis of which is attached a 
string piissing tn er i± pulley to a 
scale-pan F, 

It Is thus easy lo ascertain by 
dirtcl experiments what weights 
R rmist be placed in the pan P in 
order to balance a roller of any 
given weighty or tn cause it to 
niriive with a given angle of Incli- 
natloiir 

Fib^ 13. The line KS represents the 




ST tlie and RT ihe 01 inclined p mc. 

ir owcftaimng the ilicnn:tkal r^dmons nf cqi4.l|bnuni ^ L.«.! 

npiilicmion nf the pnralWi^ini nt fbrcf6. Le( the Ime ;w^. % 2J» 

force «hlch the W of th= cyiindsr ewns nrtmg lertimtly down- 

w ards: this tnay be decomptised into two others; one, W, ncunK -it nsH 
Jingles MHinst thr plane, and rcpn^nlirg the which the weight 

e^crta Jaiiwf the plont; and which Is coutiterWnnced by the reaciiim or 
the plane ; the other, bc, reptricws the component which tends W »»'« the 
weight down the plane, and this compnnen! has to be held in equihbfiuni b) 
the weight. P, eqn-il to it -md aclinB in opposite directini^. 

It can be readily shown that the margle bAc ts simitar lo the tn.angdc 
SkT, and that the sides nf and *fJI are in the same proportion ,is the sides 
ST and .SR. Hut the line tte repcesenls the power, and the line irfl the 


weight; hence 


ST:SR-.P: W; 


lh,it is, on an inclined plane, equilihrltim obtains n Afft the ^vr is to tkt 
vdght ns the kright of thf intiiistdpitmt to Hi hti 0 h^ 

Since the ratio i» the sine of the angle a-, we imy also suw the 

S K, 


priiiciple thiii : 


P Mr \V sin JT. 


The component ,in or fc, wl.ich represents the .actual pressure against the 
l>l.inc, is equal to W cos r; tli.ot is, the pressure against the pLanc is to the 
weight, as the haw Is to the length of the inclined plane. 

In the .above case it has been considered tlsat the power acts para lei tn 
the inclined plane. It may he applied so as to act hDriie.nialli% U will then 
he seen from fig. J4 that lire weight W may he decomptsed into l«rj forc.^ 
one of which, rt^, aetsai right .Tiigics lo the plane, and the other, nc, ^raiiei to 
I he bast U is this latter which is to be kept in equilibrium by ilic 
Prom the similarity of the two iri,angles uri and STR, rw 1 Ac - SI : TK 
i A [ but Ac is equal to W, and ne is equal lo 1’, hence the power wliicn 
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mmst be applied at ^ lo hold the weight W in equilibrium is as the height 
of the indincd plane h to die base, or as the h'mgcnt nf the angle of inclina¬ 
tion A'i that is, F«\V lan .r. The pressure upon the pEanc in this case may 


CO* x" 


that 



be easily shown to be id 
W 


This is sometimes calM 

cos 4- 

the rfMtnv on the plant 

If the force P which Ei to cotinier' 
baLince W is nut parallel to the plane, 
but forms an angle, E, w tih it, this 
force can be deeompoMed into one 
which is paralJcl to It, and one which 
LR at right angles^ Of ! heae only the rst is operative and is equal to P to* 

In most case* of the use of the inclined plane^ such as in moving carriages 
and waggons along mads, in mining casks inio waggons or warehouses, the 
power Es nppJied p:imlJel to the inclined plane. An instance of a ense in 
which a force acts parallel to the base is met with in the sertw. 

^ Owing to the unevenness of the surlaces in actual use, the laws of equilf- 
brium and of motion on an inclined plane undergo mudEficalion, Thc/r/V- 
/ttifi, for instance* which comes iniu play anvuunts on ordinar)' tLiacIs lo frcEin 
1 j to and on milw<ays to from to ^ of the relaiive weight. Tilts must 
^ IcKiked upon as a hindmrLcc to be continually ui-ercome, and must be 
dj^uctctl from the force required to keep a body from hdElng dow^n an tn- 
cltived plane, or must be added lo it in the case In which a Ijody is to bt 
nim'ed up the plane. Hence the use of the inclined plane in unloading heavy 
c.n!sk£ Into cellar*, &c. 

A tx^y on ah indined plane which cannot roiatedoea not mtave provided 
the mclinntiion is below n certam amount (39), The dciermmntion of this 
r^nsfumr, ni which a body on an inclined phmc just tiegins 
lo move^ may sen'e as a mugh ilEnsioninti of n. mode of ascertaining ihc 

"coefficient of frietmn,^ 

I-ifr in ih« case in which the poin^r ts applied parallel to the plane, the 
TOinpanent of the wei^jhi which presses att^ilnsi the plane or the actual load, 

H 15 \\ CO* and the rnmpoTieriit which tends in move the body down the 
plunc Is equal to sin x. If iho friction, K, ts just sufficient to hold I hi* tn 

equilibrium, the oicffidcnl cf friction will be t - “tan r 

Tk t ^ Wcosj- 

hi^ irwc place on the plane a block of tht same ninttriah by graduiilly 
i:rt,ising the inclination it will begin to move at a cert.iin angle, which will 
^ei^rwlon the nature uf the matcrbih ihfs single b the Umiting angle of 
itMance+ ,ind its tEingent ia ilic cocfficicnfi of fridion for that material 

tirl tf '*'*f*^‘*'— ordinary' form of die wedge if thsit tif a ihree- 
rfi pnsm id iron or steel, one of w^hose angles i* very acme. Its most 
j^ueot use la in splitting ftnne, rimber, etc. Fig. 25 represents in scaion 
wedge lo this purpose. 'ITic skk rd is the The 
rriT^^ angle 04:^ wliich the two foccs and ^make wiih eneh other 

^ Al' the jft^rs of the weduc. 

i" r I li UHKilly applied at right angles lo the back; and wc may lof?k 

c 3 
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u]»n llic wliMion bcluecn the fibres «f the as «:j>r«cniiiiR the 
ante tn be uvcrcome j as cnmtspOTdinR tn wlial m mher TtiAchines w the 
weight. Supjww iht* to art at riRhi ahRlw to tht two 
faces of the wctlgi;, and lo be represented by ibe linrs 
/if anti \ complete tlic p;ir^illelrnfram then the 
dintfona] will repre^nt the reSLillant of tlsc rtractson 
of ihc fibres ten^lirLJ^ to fnrte ihc ued^ out ; llie forre 
which must be applied lo hold this wed^e in cqutli' 
bHum must thertforc be et|ual in Now e/k 
^linilar to the irwingte there fnre rj^ : 
but these lines represent the pressure appUed at ibc 
back of ibc wedye^ and the pressure on the face 
hence if V repfeient the former and Q the killer, 
there Is equihbnum when V : Q - - At‘, thai ii, 

whtin the power is to ihc reststance in the snme miio 
as the back of ihe wedge bears lo one of the s«d«. 
The relation between power and resistance is more 
Hivourabk-p the shaqjcr die cd^e* that is* the smaller 
llie angle which ihe sides make wuili each other. 

^ - Tlie action cif all sharp cuttini; instrnrnenls such 

iis chisels, knives, scissons, &c., depends on ihc principle of the ^^^dgix U 

is aL applied Wlien I'cry hcflv}' wcigbis are to be raised 

di!it,incc^ M in launching ibips, ami m bmcing columns and imlls m the 

-Let us suppose a plcee nf pj»t in "[ * 

riohi^mflled irlanate net' be -ippii«l with ils icrticat side -ic ir' iifpimsi a 
wtinder. Emd parallel tn the asis, ami hewmpped m«nd the cylinder ; the 
Scrtitsn wlU describe on the sarfacc of the cilmdct a sere y Ime or 
JlJ/a ffii! i 6 )' the points will occupy the posimms respectively a ^ 

J J-V If ibe rme^ftsinns be so chosen that the ba«i of the ^nangte rej 
eoiLil to the ciTetimferenec of the cylimler, then the hypotenUM te¬ 
enies an inclined plane traced on the suffiicc nf the cylinder; ibe dist.in 
aii beinn the height of the plane. 
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An ordinary screw cnnsislsof.tn clcvaiionon 
El Milid evlinder j this elevation tuny bo eitMr 
square, AS in fiK. 17, or acute, and su^ screws 
ore called OT j/ftrr/ screws accordiiiKiJ'* 

When a ernrespondmg gmove is cul m ip« 
- . - hullow cylinder or nut of the same diamelEr ^ 

ibc buh, this givis rise to an intcriMl or cotnpanian, screw ot nut, fig. Hi, 
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The iTrtiLiil diat^ncc Ijetwecn any thvu rlireads of a 4crew mtajiured 
piirniitcl 10 the asfis is called the and ihc angle ttCif or is called the 
uf if^e screw. 

in prnttice, a raised screw is used wdh its compa.£ii3on in such a manner 
thal the elevatiuns of the one fit intn, and coincide whh^ tlie depressions or 
the other, 'fhe screw is a Tnodiflcalion of the inclined plane, and thecundi- 
lioTis £if eqnillbfkuni are those ivhkh obtain in ihe case of the plane. The 
rcsisiancc, which Is cither a weight to be raided or a pressure lu be B£c^ted^ 
arts Lfi the directinn of the verlicalp and the power acii parallet to die base s 
hence we Inive P : R /r I and ihe length of the base is the circomferenct 
of die cjdinder ; whence P : r being the radius of the c^'lindcr, 

and k die pitch of the screw. 

ITic |xjwer is usually applied lo the scrciv hy means of a lev-erp as in the 
btjokbindcra' pres^s. Sec., and ilic pnnclpte of the screw nvay be stated to be 
tiencraily that the power of the ticrew li to the resistance in the wtine raten 
as (bat of the pitch of the screw to the circumference of the circle tlirough 
which the pH'jwer acts, 

46, virtual VelDE’Itji— If the point of appiiCntrdn of a force be slightEy 
displAccd, tltc rcsoh'cd! part of the displacement in the dtrertion of tho force 
is tenned the T^V/ird/3 c.Wj£v?j^ ^5/" antt is considered as positive or 

negative, according a$ it in the same direction as the force^ ot in the 
nppwsiic direction. Thus, in fig, 39 id the point tif 
applicfttkon A of the fntce P be displaced to A', and ^ 

draw .AVj perpendicular m AP. Then Arf is the virtual 
vetocily of the ftirce IV anti being, in lhi5 casc^ in the 
directinn nf IV li to be considered posiik-e, 

'fhe principle of vinual I’etocldes asserts that if any A 
truichine nr system be kepi in cqiinibrLum by any 
a umber of forces, and the machine or sysiem then re- 

ceU^ any xv^^fwa/Zdlsplacuincfli^ the algebraic sum of ihc products formed 
hy muUjptymg each force by Its virtual vcinclly w ill be seem. Of course^ ihe 
displacement of the machine is supposed in be such ns nnl to break the 
tEinncCticn of its parts ; dltis in the wheel anti cude the only pussible dis¬ 
placement is to lum it naund the fixed axtc ; in the indined plane the weight 
must still continue to rest on the plane; In the various systems ijf pulleys 
the strings must still continue stretched^ and must not alter in kagihr i.^c. 

Tlie complete proof of this principle is beyond the scope of the present 
w^rk^ hui we may easily establish its truth In any f*t ihc machines we have 
already considered. It wil] he found in every case that, if the machine 
receive u smatl displacement^ the virtual vetocitics of P and W will be of 
op[M>siteSigns, and that, neglecting the signs, P x virtual velocity W jt W* 

vinu.ll vclodly, Thus, to take the caie of a /nvj', let P and EJ be ihc 

forces aedng at the extremitEes of the wruis of the bent lever AFB (fig. 
aJ3d let the lever \x turned slightly luund its fulcrum bringing A to A^^aud 
bto IS', tlruw AVj und WA perficndicular lo P and Q respectively i then Ast 
is the Virtual velocity of and 11^ that of IJ, the former being positive and 
the latter negative^ lj:t F/^ be the perpendiculars from iJic fukmm 
i^pnn P Riitl or what we havre called {an. 40) llic umis of and Q. Xow^ 
w* Oic displacement k ver)' smull^ theanifiefi FA A', FiSil'will be vety^ nearly 
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ri|*lu aT^cleis and, ihurf=fore, the rifihinn^-kd Wj^les MA\ will 

uliinuitcly ber siitiilif to d\« irLiinglcs V/fX I'sfH ttsprclivdy, nhcniL'ie 

Xi 



Fff ^. Arf 
' Fli' F/ 


But the 


LlLL'tl I -T-- p 

* A A.' B H^ t. Arf Hi 

or, ju we niiiy pul it, 


>\.V t A'~ ■ UU 
AA- BIJ 

FA’ ^ ty " I B 
iriangics FA A', FUB'ftut siiuilar, 
as ihcy art both ismsceles, and 
Their vcrticjiil angles art tqiwd+ so 
^ BA 

P ^ F/ ■ 

* 4 “ ^, Xuw the denominators of 

^ 'K' ^ thest two e^ual fractions are eqwaJ, 

if th= Iev« be in equilibrium uemtralurt are equal, or 

p K i* s virtual wioeity - Q * O’* virtual velocity. 

Ai a further and simpler example, take ihe ease of the bUtek and laclde 
described i« article 41 ■ Suppose the wejEht <0 be ns ih^ 

then [he virtual vctociiy uf ihe welkin ts A. and f 

distance between the blncfc and tackle is less than ^fure by 
:rThe ropc passes over this space « times, m order 

(iEht ihc will have to muve threugh a space equal to »A. rh« is the 

virtual vel^ty of I’, and is positive, and as \V -nP, we see that 
W X W's virtual velocity - P » P’* virtual velocity. 

47, Prle.ion..-tn the caSos of the actions of mitcbines which J”*! 

described, the resistances which are oflered to tnolion liave ‘ ’ . 

considered. The surfaces of bodies in comnet axe never 
even the smoothest present inequalities which 
touch nnr by ordinary siKht; hence when one ^y mnv« over 
nf anoiltef ibe elevations of one sink into the depressions of the 
the teeth Of wheels and thus ofler a certain resistance * 

what is called /rf^/t^v. U must Im regarded as a force which conimnall) 
acts in oppositicu to actnal or possible taolion. 

Frietton is of two kinds : as when one body R ides ’ 

this is lesut when the iwi. surfaces in contact remain the ^ 

motion of an axle in ils bearing ; and ro/ff,,/fnct.on. 
body rolls over another, as in the case of an ordin^y w 'j. ' 
less than the former, for by the lollinKthe incqualiues of one body are raiseu 
(iver thmc of ibc Qilser, ^ 

Friction i* directly propurtinnal to the prcssi^ of 
aRainsi each nther. That pnrtion of ilw pressure which is required W 
come fnetion is called thi? fif/nWeit. . 

# Friction is independent of lh« extent of the sttrEaCei m cnnEact if the 
sUTc U the siimc- Thus, suppose n bo^ird wuTi a surfed of a , 

meue rcsiirtg on 3Tniiher board to be Toaidcd wiih a Height of a t ^ 








- 4 %] /<? f>; rt fluid J/t^dhmjr 3 1 

If ihli loji<l be dlstribLiLeil over a bt^ard of iwo dccimCEn^ 

surfaL-e, the total friedon will be the same^ while ihc fnetion per aquiife 
centimetre is one hfilf^ for the pru^ureon each squ^are centimetre 15 one half 
of whnt it was before. Fricciun b diminished by poliAhin^ and by smennni^% 
but is increased by heat. It is j^^eater ns n body pnisks from the state of 
rest to tJmt qf motian than during motkin, but seems independent of ihc 
i clucity^ The coe^icient of frictiun depends on the n 4 iture of the substances 
in cqnlact' thus foroah upon oak it is 0*4 iB when the hbres are para lie 
and ff29j when they cross; for beech upon beech it is 0^34 Creasy sub- 
SLuites which are not absorbed by this body diminish fnclinn ; but increase 
it if they are absorbed. Tbns moisiutt and oil increase, while tallow^ soap, 
and graphEie diininlsh, the frictioTi of wooden surtaiiea. In the stidin^ fric- 
lion Elf Oksx irt>q upon bronre the coelftcieni wvis found to be O-^S wllhout 
grease ; with oil it was o't j^ fat 011, soap 003, and with a mixture of fat 
iitid graphite 0^03, The coefficient of ifolling friction for cast^irDo wheels tm 
iron mils as in railways is about 0-004 i ordinarj- wheels nn an ordinary 
read it is onq^, hence a horse can draw len limes as greai a load nn jaih. as 
on an ordinary road. 

As rullEng friction is considerably lei^s ihan sliding h-ietton, it is a great 
saving of pmer lo cnniTrl the latter into the former : a» is done tn the case 
of the casters of chairs and other furniture, and also in that of friction wheels, 
fJn the other hand, it Is sometimes useful to cliange rolling into sliding fric- 
linrL, ns when drags arc placed on raninge wheels. 

Witbom friction sm the ground, neither men nor aniinaK neither ordinary 
caiTtages nor railway carriages, could ntove. Fiiction. is n£cp&siir>^ for ihc 
trajisttiission of ptnwer from one wheel lo another hy 
nwanjj qf bands or ropes j tmd without friction wc 
could hold nothing in the hands^ 

4 ^. ll;4iilri taiicq Iv Mol Inn In n FEoid 
A body in moving through any modiuni such as air or 
'»’atcr experiences a certain reiislance; fnr the cnoving 
body sets in motion tlioM pins of the mcflium with 
which it is in contact, whereby it loses an cquhaienl 
amcnml of its own mottun. 

This resistance increases with the surffice of the 
moving body : thus a soap bubble or a snow ibihe falls 
more ilowdy than does a drop of water of ihc same 
wrighl. It also increases with ihc dcnsfiy of ihe 
tnediutn - ihus in rarefied air it is Jess than in air under 
the oitlinary pressure ; and in ihis again it is less than 
in waier. 

fhe influenrCo of this resistance may be lUiistraLed 

mcan.^ of the apparatus represenled in fig, JJ* 
which Consists of twt* vanes, w' ftxcd to a hariionial 
axis, XT, to w^hich also is attached a bobbin f. The notation of the vanes is 
cflcctcd by means nf the falling of a weight attached to ihe string coiled 
rniirtd the bobbiru The vanes tan be adjusled cither ai right angles 
|unilk!l to the ajtkr In the former p>iition the vanes rtnatc rapidly w-hen 
the weight is allowed to act j in the lallCTp howir^erj where they pness wiih 
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their entire surface against the air, the resistance grcaity IftSMns the mpidity 

™Th""KsUiancc increases with the vetneUy of the 
n»-ienitcvdociliesis pnj|Ktrti™al tn the t 

ties of a body made twice as great, it must displace twice 

and must also import to the dispJaced particles twice the velocity. For K^h 

velocities the rtsisunce in a medium incrcasM in a more ™P<^ ‘r" 

that of the square, for some of the medium is camed along 

body, and this, by lu friction against the other poaions of the rn.dium, 

ihTs fesi^S'which so greatly Increases the difficulty 
vcr>' *3 igh speeds in stcaifl-vesscL^ ^ n'uyitp on 1 ^ j irtiSniEh 

of this resistance in panicliutes (fig. iS '; and tn the wind-vatics u _ _ ’ 

tag the velocity of falUng bodies (fig. Ss), Ac pnrcip c f'f 
by the apparatus, fig, 3.. Ugh. bodies fait more 

ones of the sanw surface, for the movtng force ts siiwllcr compared "“p ^ _ 
resistance. Tire resistance toa falling body may ultimately equ^ its weight . 
ir then moves uniformly forward with the vcloclly w hich it has 
'rhus.amtn.dmp falling foom a height of 3,o» feet 

ground, have a velociiy of nearly +10 foct, or that of a musLeVshot. owing, 
however, to tbc resistance of the air. it* actual velocity ts prob-ahly not more 
tha.n TO f^Ct in Jl SKnntl. On niillWi'iiyi tht resistrtiics 
dable ; With irarrisijfc ca:|Mi*inij a surface of 22 squEUfc fcuip ii TOn<3unts w 
t6 at 17 p43unds ^htn ihu spwd of the train 16 fecti wc^nd or ii 

Ity observing the rate of diininylinn m ihc nuiiibcr lif asciltatmnit uf 
huriEoniuil disc suspended by a thread, when immersed m watert 
iennined ibe coefficient of the resistance of water, and fooind that at 10 
was. cquaJ ULI 0'0ts*7 a square ccntimcln:; and tor air n 

abnui i’i as mweb. 

49. l^nifevoUr AcE*Ie«it«d ttUlBettr BSotleil. --Let us supp*. * 
body containing m units of mass to move from rest under ibc aaiort ot a 
force of F units^ the bt^ly will move in the line of acliun of the force, atici 
will acquire in each second an additional velocity/given by the equation 

F - m/1 


consequently, if v is it* velocity .it the end of t seconds, wv have 

To determine the spa« it will describe in t seconds, we may Tciu™ « 
rolUiw's T—The velocity' at the time t being that at » time / * r will / 
li+TV If the foidy moved uniformly duriiiB the time t w/iih the furmet 
vcItKity it would describe a space # cquid to/V ; if with the Intis r vclocilj. 
space t, equal » /1/+rir. Consequently, 

/ -I- T 1 /: 

Ihcrcforc, whcrt r indcfifiiTdty sniiUL Ac timhinj? vakes nf s and f, ^ 
equal. Saw since the bod/* velocity « mutmi^dly dunng tine 

lime n the ^pacc aelually dwrtibed is ^ater ihan j* and leis than i,, 
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si net the USmitinj^ val iits rjf j and ait emuaL, lh« limitins v.ilue of the space 

dtficrliKd is the sainc as that nf j ar In other words, if we supp^isc the 
whole lime of the bcnly^a motion to b* divided 
into any number i»f equal paha^ if w'e determine 
the vebelly of tlie body at the bcgiriinin}^^ of each 
of These parts^ and if we asccTtain (he spaces 
described on the supposition ritac tht bcnly 
moves uniformly durinK each portion of lirfic, 
the limiting value of the sum of these specs 
will be the space actually described by the body. 

Draw a line AC {dg. ja) and at A conslnict an 
angle CAM, whose tangent equals /; divide 
AC Into any number nf cqtuiJ piirts in I), E, F,...and draw FI), KF,... 
BC at right angles to AC, then since PD « AI> QE “ AE EP - AF *c/ 

BC « AC &c., PD will represent, the velocity of die body at the ciid of 
ihc time represented by AD, and similarly RF, ...BC, w'ill represent the 
velneity at the end of the times AE, AF,...AC Complete the rectangles Dc, 
E/ These rectangles represent the space desoibtd by the body cm 

the supposition during the sccondi third, bHrth,.--pontcirLS of llire itroe. 
Consequently^ the space actually described during I he time AC is ihc Ibnit 
of the sunt of the rectangles ; the limit being contimially approached as the 
number of parts inlo which AC is diWded is continually iricreaficd. But this 
limb is die area of the triangle ABC : that is JACkCB or |ACk AC»y^ 
Therefore^ If AC represenis the time ^ during which the body describes a 
space j, we have 

Since this equation can be wtiltcn 


We find, on comparison with equation that 

- a/f. (3) 

To illustrate ihcie cquatiojts, let us suppose the accelerative effect the 
force to W &; tliat is tosHty, that, in virtue of the action of the force, the hotly 
^i«^quires an each succcssix'c second an additional velocity of 6 ft. ptir second, 
and lei It be ^sked w^hat, on the suppoHition of the body mo-vlng from resi+ 
W’ilL ht lime Velocity acquired and ihc spate de^icribed al the end of 3? 
Sicci'mds ; equations i and 3 enable tis to answer that at that instant it will 
be moving at the rate of yj ft. jjcr second and will have descriljcd 432 ft. 

The following impoitnnt result follows from equation 3 . Al ihu end of 
ilte second, thlnij fimrth, &c.j second of ihe motion the body will have 
described |/k 4, ^ and conscquetilly ihe 

first, second, third, fourth, &c.i, second ^if the tnoiitjn will liavt describ^ jy 
5 , A/- 7 , £;c.j ft.p n3uuely« spaces in arithmetical progreiisiiji'i. 

The resulta of the above anlcTc can be stated in the form nf laws which 
apply to the state of a body movstig frwn a slate of rest under the artion4if 
a ennstant force :— 

c J 
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I . Tisi vtictUitf tirr ji/v/orda/fot io the times daring •<stkitk the metiim 

iasifd. 

II. Tht spaces dtsi^htii<%rc pn^porfimai /o s^uar^s tf iA/- fimdi em- 
ptoytd in /Aidr drju'ripfinn^ 

1 11: T/ti^ Jpiic^ di‘strihtf nr^ prpp&r/ti^mil /y fke nf /Af Wife^y/Vf 

rff/wr>ft/ dnriffj^ tfrs^^rip/i&fi. 

l\^ TAe spa±£^s ipseri^d hi t/intrust &y n 

twisiemf ^ifiiJiiify. 

Iniitc^El erf the body io l^m lo move fmm a sUle of ro^ wc 

limy suptK»ie it to have liti initial I'tbcity V, in the dination irf the force. In 
this case equations i, 3 , and ^ can be easily ahow- n lo take the following 
rnnris^ inspect ivelj- i— 

- V + /i,f 
tr^-V’ + V^. 

If the body move in a direction opposite to that of the forccp/ must be 
reckoned nef^ti^Tr 

The most importoni eKempSIficaiion of the laws stated in the present 
nrttdie is m the case of a body fading freely m Here the force causinf^ 

the acceleration is that of gravity^ and (he accekra(iDn produced is denoted 
by the ieiEct ^ : it has already been sinted (£7 and 39) that the numerictd 
NaliM of jg' k 32'i9i3 at London, when the unit of lime is a second and the 
unit of distance a foot, Adopttnjf the metre as unil of distance the mtue uf 
y at London is 9^8117- 

3a Kpiluu uu BJi fnelin^O PtAue*-- Referring to (43), suppose the force 
P nui to act ; then the mais M is acted on by an unlialauced force 
in the direction Sltp consequently the accelerating force down the plfio^ i* 
y' sin and the motion becomes a patiicular case of that discussed in the 
last article. If it bcRiins in move from rest, it will nl the end of / seconds 
acqui re a velocity v given by the equal ion 

-jfj* iin JT, 

and will describe a length j nf the plane given by the cqu^ition 

/* Jjf/* sin jc. 

Alsu* if is she velocity acquired w^hile describing j feet of die plane, 

sin jv 

hi cnee (fig. 23) if a Iwidy slides down the plane from Sin K the velodiy wdiich 
It acquires at H h eqtiaJ to , RS sin R or . !sT t that is tosay^the 
vi^locity which the body has ai R d<ics not depend on the angle .r, -but imly 
nn the perpendicular height ST, The same would be true if for RS we sub' 
sittuted any smooiH curve, and hence we may state generally^ ib.it when a 
bttdy moves along any smooth line under the nciion of gravity^ the change 
nf vetodly rl eitperienceft in moving from, one point to another is that due to 
the rwfrVf// height of the former poini above the hitler, 
p ji. Hptlou uJ ¥Tiij«*titfli. — Tlie equations given In the above article 
apply to thecaic of a body thrown venic^ly upwards nr downwards with a 
certain initial velocity. We will now consider the case of a heavy body 
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thnjviTi m a EiDfitoniaii ctir^liun^ Lci % JJ, be such a bpd>'ihrcmii with 
J|ti intlial vcloctiy o( (cut iti a ^cocid^and kt ihe line rtrprcstnt the 
ciers^ribed in nny intcnal; thert+ nt the end af ^ ^ ^ ^ j- 

iJie i, ^ 4,..€C{un] ins cn^ai^ tbe hcidy^ in virtue ^ 

of is* Inertia, wlIJ reached tlic poinis ^ a 
& c. Hut, during nil shk time the bcidy Is under ^ 
the inflifcncc of jjnivity, which if it alone acted^ 
u'mild cause the body to fall throuj^h the dts- 
tunccs represented on the i cniirpJ line; theisc are 
delennined by the successli-'c lvalues of 
which k the fonnula far tlie space descnlied by 
A freely railing body (4^}. The cflect of the 
ciimbincd action of the two forces is that at the 
end of the fins Internal, &c., she body will be 
At at she end of the second interval At tif 
the third as the spaces erV 

bcliig^ prop4:irtionnl to the square* of ai\ «//, ^ 
respccthely, and the line ioining these pdrils 
represents the path of the bexly. By taking she 
inscrk^ls of ttnie sudicienLly sn^j wc get a rej^- 
larty cu f%'cd ime of the form knciw n a* the 

If the ditectioo in w hich the bcjdy is thrown makes an angle of n w^iih 
the horiwn (fig. 34^1^ then after / seconds it would hive travelled a dklaiice 






w^hcrc t/ is the original \'elocit>’ \ during thiji s iroe^ however. It will ha^'O 
f^dlen through a dislancc the height which at will have actually 

reached Is sin and the homonCnl distance w ill be 

ftd^dd CCA am-;*/ cos ic The id the bodyi or the greatest diitaoce 

through which it fs thrown, will be reached wiicn the height k again - 01 that 

is, when sin u - ^gf* * 0, from which **+ Introducing thk value 

of / into the equation for the distance r/, we have ^ which 

f ^ 

by n tiiKonusnetrical transformation The grmEcst height k 

^ a 

attained io hn!f she lime of flight, or when from wbkh w-c get 




sin^ (I m 

* 

It follows from the furtnuk that the height h greatest w^LcJi im o is 
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ETcm«i. which is the caw alien it - 9f>". when ihebodj; is 
upwards t the nngr is « •■<="= «n 3a is n TnaMinuin. that «.when 

I kiltie fomulx it hnis been Msuined that t he air offeis no resistance. 
This is, hrtwci'cr, &r from the case, and in practice, partiraiafly i f I he veh^ 
citv of project ion is very greai, the path differs from that nf ,i parabola, r u,, 
3/api>r«<imaiely represents ihc path, tillowinK f.^r the resistant of the atr 
The direTKcnce from the true ihenreticaJ path is the greater from the fa'^t 
th.alin the modern rifled arms the projectiles are not spbenrtl tn shape, 
and also because, alrmB with iheh tnotion of iranslatioiv, ihej- have, in coa- 
stouenee of live riflinjf, a rotator) motion about their astis, 

13, cniupeiltlop of velactile*. —The principle for the cotnpositicin 
velocities is the same as that far the composition of forces ; this futlows evi¬ 
dently from the fact that forces are measured hy the momentum they com* 
muniraie, and arc therefore to one another in the same miidas the velocities 
they commimicaic to the jorinf body. Thus ^fig. ft, art. 33 ) if the pnml has 
at any instant a velariiy All in the direction AP,artd there is commonicaled 
lo it a iclocitv AC in the directmn .AtJ, it wdl move in the direction AKwtih 
a v'clocky represented 1 >y Mi. And conversely, the velocity- of a body le- 
presented by AII car be resolved into two component vctocilies AH and AC. 
This suggests the method of dctcmtiniiij,' the motion of a liody when acteo 
on by a force in a direction iransveise tothedirectiannf its velocity; namely, 
suppose the time to be divided into a great nnmber of interval^ and su|ipose 
the velocity actuallv ccunmUBicated by tlic force lo be qommunicated at once, 
then by the composition of velocities we can determine the muiion during 
each initTval, and therefore during the wbiilc lime ; the actual motion is the 
limit to which the motion, thus determined. Approaches when the number of 


irtien^als \s incitascd , -r ■ 

5J. Motion in m. olroln*—Cenirifni*! totco.— W hen a body onoc in 
muiion. unless il he tictcd upon by s^:tHic fofce, if move uniH^fTi) 
ftHTinfd In a, stni^jhi tine ^vith unclian^jed ixlodi^' (26). If, tlierelbre^ a hotly 
irto^XB ujitforaily m any olli«r paih than a sirat^hl bite in a csrele^ ''r 
instance—ihis must be because snint fnirre is crnialantly at work 
enntmuousty dcvifiics It frotn ihia line. ^ 

We have alrPsTidy seen an example of this iu the case of the molion of 
projectiles '>1 sand mil now consider il in the cjisc of ccntml motimu or 
motion in a circle, of whkh we have an example h the motion of the ccicsual 
bodies nr In ihe moLion of a sling. 

In tin? Suiter If the string h cut, ihc &Eone« cenifttng to be uctcil upon 
by the tension of ihc string, will mc»ve in a straight line wiih the velocity 
which it already posscises : thu i$*in the direction of the t^mgcnttHithe curve 
at the point where the ^lone was when the string was cuu The tension of 
the strmjf, die cfTeci of which is to pull Ehc itone towaols ibe cerxrc of the 
circle, and to cause ihc slunc to move in itscirLuliirpalh, is called ihc (‘rnfn- 
/4tf or ceniml force. the reaction ^if the aicme upem the string, w hich 
equal and opposite 10 thii force^ is aUed its c^-afnyygfi/ folXt^ Thu arnoiml 
fkP'ihcst forces n\Eiy be arrived at as follows 

Let us suppose a body moving in a circk with given unifiinn vekkclty lo 
be at Ehe point a (ng. : ibi:nT had it not been aeitd on by a fotcc in the 
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cfipcction iff; It wiou!d,Jn .1 small suCi^C^dinp intcrvid cjf Etrae fj have CDrtdit4ji;!d 
In move in th^ direction of ihc tandem at and hiive pai»s«d thioif^h a 
distance whidh we wiH nepresent hy ad. In conse¬ 
quence^ however, of tJiis. force it has not followed this 
direciion, but iifrivE]d at Ehc pfiini d 00 the cum ; 
liEffice [he force has irtitiJe it traverM the distance A/- 
m this inter^aJL If / be the nccelemtfng fo™ whkh 
draws the bixJj’ towards the centrcp atm and if 
ffi/ be very snuiltp it vrmy be taken as equal to ad nj 
where z* is the velocity of the n^oving body^ NoW' if 
ait is the diameler of the p'rcle, the trian^'Ie fufa is 
inscribed in n scmkircle and k right-angledK whence 
^ at K atr ^ ac X 2r, Substiiuiiiig their %'aluei for 
^i^and<2c in this equation, we fitid that x ir^ 

from which/--5 that is, in order that a body, wath a 
r 

certain vetodty+ may mo^^e in a circte, it must be drawn 
to the certtre by' a force which is directly as the square 
of the velocity with which the body mco cs^ and which is 
inversely as the radius of the circle, Jn order to express 
this in I he ordinary’ units tif weight, wc must multiply the 

above citpmssion by tlie mass, which gives F " 

To keep the tiody in a circle an attmctlon 10- 

w’ards the centre li needed, which is conslanlly equal to 

and this attraction is constantly neutralised by the 
^ Fli- jy 

centrifugal force. 

The above expression may be put In a form w'hich is sometimes n^re con* 
venient- If T be the time in sectmds required to Lfavcr>e the dreumfertnee 

2Br with the velocity v, then from which 

If n rigid body nnates about a fixed axis, a]l pans of the body describe 
circumferences of various diametcni, bui all in the same ilmc. The velocity 
Elf the motion nf mdividual particles iricrcases W'iih ihc disuiute fmm the axis 
of rtitatiou- liy a»gafar is underatood the velodiy of a puioi at unit 

distance from the axis nf tutaiion. IF ihU h denoted by m,, the velocity T'of ni 

point at a distance from the U «n which ^ /■ 

The existence of cenlrifuijal force may be demonslnitcd by means ot 
rnimeitms cKperitnems, such as the centrifugal milwray. If a small can of 
water hung by the handle to a string be rapidly rotated in a vertical circle, 
no water will till uul, fur. at a suitable velocity, the liquid w ill, press against 
the hottnm of the vessel with a force ai right angles to the circle, and giKiitr 
iban its own weight. 

54. motion In W Verticni €3iTrfft.— Ut ACBD bt a circle whose plan? 
is vertical and radius deitoicd by rt Suppose a point placed at A, and 
allowed to slide down the curte^ whai velocity wall it liave acquired on 
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rutchin^ nny givt-n paint P? Draw the t-crticaJ dbitieier CD, join CA, CP, 
and druw the horiionLal JSnei A>IB and PNP^p Now^ asiuinlnji the curve 
to he sirtoothf ihe velcHirity acquired in fiaJling frutn 
A lo IS il^al due to the vertical laeight of A 
above I* (50) 3 if, tliercfore, denote the velaeity uf 
the point at P| we $hull have 

Knw by Sbmihir iriangloa DCP, PCN wc have 

DC : CP::CP : CK ^ 

coT)b*cqucnt])% if we denote by s tlie chord CP, 
2 rNC-j^i 

in like nianner If a denote the chord CA, 

2r.\lC - 



therefore 

and 


r 


Now V will have equal values when j has the scinie value, whether positive 
nr nqjative. and for any one value of s there are two equal values of 7*^ one 
positive and one negative. Tliat is lo say^, since CP' is equal to CP+ the 
body mU have the same velocity at P' that it has at P, and ai any point the 
body wid hasne the sitme ^’clodty whether it is going up the curve or dowTi 
this curve. Of course it is included in this statement that tf the bitdy begins 
to move froin A 11 wilt just ascend to a point B on the other side uf C, such 
that A and B .uc In the same hnrii^ntai Vine. It will also be seen ihat at C 
the value of s is lerot cnnsequenlly, if V ii the vdocity acquired by the 
body in falling from A to C^ wc have 

\ r 

and, on the other hand, if the body begins tn move fmm C with a velocity 
It will TLadi a point A such that the chord AC or ^ is given by the same 
equal ium In other words, , the velocity at the 
lowest point is pro|)ortitiTml to the chord of the arc 
described, 

5 S^ of a SImpte PenilMtiaiiii. -By a 

stm[de pendulum is meant a heavy particle sus¬ 
pended by a fine thread ffnm a lixed pnini, about 
which it osctliaies without friction. So far as its 
changes of velodty are concerned they w ill be the 
same as thoiie uf the point in the previocLs article ^ 
fbr the tension of the thready acting at each position 
m a direction al right nngles to that of the motion 
, ^ - r I point, wiJI no mure alfbet its motitin than 

the reacimn of the smooth cun c affects that of the point in the last mieJe 

,. time tq which ihc point mwes ftnm A 

111 B-can be easily ascertained when the arc of vibration is si 



when I he chord and the arc do not sensibly differ. 


small; that is. 
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Thufi, let A B 37> equal ihc arc or chord ACB j6) i wfih ^entr^ 
C And radius AC or a de^icHbr s drclcr and suppuse a jwinT t& describe I he 

drcumltreiicc of cJi^t circle wjlh a uniform i-elocjty V or ti At Any in ■ 

stani let the point be at Q, join CQ, dra^v the lan^rcnt qx, ako dm^r QP at 
riifht aujrlM ;^nd QN' pamlle] to AB, then the anodes NQT and CqP are 
equaL Now the velocity of resolved paraltel eo AB it ™ TQX ttr 

^ K If CP equals a the vehdly <ifQ parallel to AB is. 


I'Q 

But it tte suppe^se a paint to move alonif AB m tucb n roanoer that in 
vclH5city in each position h the tame at that of the CHcilhiEicig body, its 

velocity at P w-unld also equal i (ei^ —j’) j and* therefore, this fjoint 

would ilescrihe AB in the same time that Q describes the senticircumlbrenre 
AfJB. if tbco be the required time of an osciHaEion, wt have 


This result is independent of the length of the are nf vibration, provided Its 
that is AB* be small—not exceeding 4 rjr ; dej^rees, f^r instancr. 
It is evident from the h^nnula that ihc tinve of a vibraticii is dircclly pfo- 
poniomd to the square root of the IcoEth of the pendulum, and inversely 
proportlusial to the square root of the at^Rlemting ifirce of gtaviiy. 

As an example of the use of the fnrmuLa we may take the following; - It 
has been fmind tha! 39^139^3 inches is the length of a simple pcnduluns. 
w hoac time fjf □scilLition: at Greenivlch is djtc second ; the formula at once 
leads to an acicniratc determination of the occelemling f^rcc of gra^iity jf; fr^r 
Using feet and seconds 35 our units we have i* r-3^26)61, and jt sitaruls 
for the known number j‘l4tS9t therefore the formula gives us 

59)’ X 3.^616^ #1 32'igr2. 

This is the vatae ewiployed in (29). 

Other examples will be met wiih in ihc Appendix. 

^6. Ornplile 1ftepr««iitattati ofttlQ Ctinp^ei ef Vetoetly omn Oictl- 
l«clgr Body- - The clianges which the velocity of a vibrnisog body undergocti 
may be graphically represented as follows Uraw a line of iodehnile length 
and mark olf All (fig. jBJ to represent the time of one vibration, IIU' to re- 



Flf.jt 


prciicnt the time of the second vibialioni and ^ om During the first vibm- 
tion the velocity increases from icro lo a nia.\linum at the liolf-vibration, and 
then decreases during the second half-vibration from the maximum to ler^* 
Consequently, a curved tine or arc AQH may be drawru wlause ordinate QM 
at any point Q will n^pfuscrit the velocity'of the body ax the time represented 
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by A>r. If asEmibr<ruwcd tine or aoc fIPH" he ^tnwn, the ordiniite 
nf aflA' i^hoini P wi]]. represi-nt ihc vtlfitllj' at n tiinc demoted by AN- 
since ihe iiJnfifffn of the velocity in the second nsoJLitvon is cent that 
Ilf the velocity in the first osciltntiont the ordinate NP mmai be drawn in the 
contiary^ dinsetinm io that of MQ. If^ them, the curve be ctamtinucd by n sue- 
cession of equal jircs altemalciy on opposite sides of AD, the varialions of 
the velocity of the sibrating body will be compleiely represented by^lhe 
varying iiiAjpiitndes of the ordinates of succesStt't points of the curv e- "Hie 
last aitick shows this to be the curve of sincS for a pendulum. 

conioai VoDdatiioi^ ^VTien a point P 39I is snspended frenn a 
poini A as a simple pendulum, it cam be caused to describe a horirontal circle 
with a uniform velocity V. A point movinif in such a manner conscitutes 
what is calkd a and adm-iis of tnamy 

iLMeful and intefestini; appli-callons. We will, in ihia 
place, ascertain the relation which exists between the 
length r of the thread AP, the angle of the cone PAN 
or and the velocity \\ Since the ptiint moves in a 
circle whose radius is FN, with a velocity V, a force R 
must act on u in the dlreclkm FN given by ihe 
tiom (sj) 


,./ 


nr 
C " 


K « M 




Now ibc only forces acting are the tension of the thread T along l\\ 
and the weight of the body vertically ; consequently^ their respitani inuiit 
be a force R acting along PN. And iherefore these forces wil] be paralTel 
to the Sides of the triangle ANP, so that (35) 


there fore 

or 


Xow 

therefore 


V-/A’. 

PN 

FN mrslni and ‘ «tarn 
AS 


iin 3 tan A 


One conclusion from thb may be noEtced. With centre A and radius 
A?, desErntK I he arc PC* Now' when the angle PAC is small, the sine* PN^ 
does not sensibly ditfcr from the clHird, nor the cosine^ AN, from the radius, 
therefore in this case we have 


'"■'f“'’-“■■‘'■V'r- 

^ ■ 

On enmp4Tins this tesqU with ($ 4 ) wc s« ih.\i when the .injjlif i>,\S 
small, the vrJocUy of h" tnosinj; tn n cgmical p«nJdum Is Uic »ninc ns 


^ S‘ 
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winuld hfivc at the lowest pdint C if ii csiiirillaled ai^ n ihnple pendulLtin s 
s«quentl>’. if cnnctive die pthni J' to be makinj^ small oscjliation^ abrnt 
iht point A, and denote the velticUy ai the low est point by V. sind if, when 
at the e:<treane point of the arc of t ibrntion* Eliere U comiimnicatEtl to at a 
veEnetty V in n direciion at riitht angles to the plane of vibraiion^ its rnation 
will be chaanged into thni uf a ecpiiical poidiilniti. 

eg, I±npTil*l*® Farce*. - a. forte atcs on a body fur an moppreti- 

ably short taTnc, and yet sensibly clianges its velocity, it is tenned rni 

or forcit. Sutli ii force Js called into pby when one ^y 

strikes against nnotlier, A force of this tliaracier is nothing but a finite 
thoukth t er>' large forte^ acting for a lime so short that its duraiion isnearly^ 
or quite, insetwibte. In fact, if M is the mass of the fwsly, and the fierce 
containa >t/units, it wtll* in a tiioc cotnmunieme a velocityy?; now, liow- 
ever small f may be, M/and therefore / may be so large that may be of 
scTsibic or even considerable magnitude. 1 hu.v If M conlain a pound of 
meatier, and if the force contain ten thousand units, tliough / were so short 
ns to be only the .ih of n second, the velocity coiumunkatcd by the force 
be oiro of lo fi. per stconcl. It is also to be remarked that the boiiy 
win nirt senaibly move while thk velocity is being dommunicated i thus, m 
ihc case supposed, the budy wiasTd only move through or the ^.T^lh ul a 

fcR>t while the force acts upon it , , , . r 

VVhen one biwiy impinge* on another o ruUows frntti the law nf me 
equality of action and reaction (39) that w hatever force the drst l^y exerts 
uptm the second, the second w ill exert an equal force upon the firsl tu 
npDOsitc direeiitrti; imw force* arc proportional to the mmnenia gencraiwl 
m the same liinet cotisequcnlly, these forces gCTientie, danng the whole nr 
any pan of the time of iinpiict, in the bmdics rtspectivcly, eqi^il nion^ta 
with contrary signs ; and ihcTtfnrc the snm of the momenia nf the two bndiefi 
will remain constant during and at the end of the impart. It is of Cnurse 
understood that if the two bodies move in contrary^ dirertion* their momenta 
h-ive opposlle signs and the sum is an algebraical sum. In order to lest the 
nhv^iral validity of this conclusion, Nesvton made a scries nf cxpnments 
which may be briefly descrilicd thus :^ Two balls A find B arc hung from 
Dcitnt^ C* 1 > in the same hciriionial lint by threads in such a m:mner that 
their centret A and B are in the sAinc hurirontal line, With centra C and 
Titdhis CA describe a semicircle EAF,and with centre D and radius IHI 
describe a semicircle tiHH nn the wall an front of which the biUs hang. 
Let A be moved back to R, and be allowed 
lo descend to A; ti there impinge* on B; 
bcUli A and B w-ill now move, along the arch 
Ah' and UH teajwetively 1 lei A and U ennte 
to their highest points at r and 4 r rtspcciivtly. m 
^iow if dcnolc the vtloclty with w hich A 
reaches the lowest point, v and u tUc ve- 
Iwitie* with w hich A and B Icai-e ihe lowest 
pcjinls after impact, and rthe radius AC, it 
fuVIuw s from (54:- that 





/ ' V - did Ar A 3nd w * did U* A /^; 
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therefore if A and H arc the nf the two balls, the momcntuni nt the 

insiani beFtpre impiict was A k chd AK, and the after iinpacl was 

A Kchd Ar+ U K chd lU. Now when the piTsitions of the pciitiiss H, r, and 
iMiad been properly^ corrected for the rcsislance of the air, it w'^as found thnt 
ihese two exprcisions were equal to witliin quantities so small that they 
could be properly referred to enrotii of obscr^'ationH The experiment suc¬ 
ceeded equally under eecry niDdidcation. whether A impinged on B at rest 
or in irmlioiLr and whatever the matenids of A nnd J1 might be. 

59. i»lrect Cottiftloa of Xwo sodlovi^l.et A and H be two bodies mnv- 
ing with eetudeies V and U respectively^ afong the iimc linc^ and kt thesr 
piutuik] aaion lahe pbee in that line ; if the one overtake the other, what 
will be iheir respective vcluotie^ at the inslam after iitipaci? Wc w'ill 
nnswer this question in two exireme EzaSds. 

h Let ns Suppose the bodpes to be iWAz^/iV; in this o;*se, when A 
inutbes Ji, it wjji continue to press against li until their velocities are equal¬ 
ised, when the inutnid fiction ceases. For whatever deformation the bodies 
may have undergone+they have no tendency to recover their shapes. If^ 
tbercforif, x Is their common velocity after Impact^ we shall have .Ai'+fLr 
their joint momentum at the end of impaett but their moiiieTiiurfi before im- 
|kjict was AV^ + hUr Whence 

CA^UK-AV + BU, 
an equation whkh dcienTLincs x. 

ij. Lce as suppose the bodies/cj^Y/i^ ^/iisti'£. In this case they reenver 
their shapes, with a force exaedy equal to that with which they were com¬ 
pressed^ Consequtnily, c]ic whole momentum lost by the one, and gained by 
the nther, must be exactly double of that lost while compression tejok place ; 
that IS, up to the itistant at which their velocUlts were equalised. But these 
are respectively AV —Aa" and Mjt— IIU ; therefore, if v and ti are the required 
hnal velocities^ 

Av*AV-i(AV-Aj!-J nr - V +3jr 

Ba «* B U + 2 liir — El U) or u n 2jr — LJ,. 

hence 

(A+B)i/-2lti;+{A-B}V 

and 

A + B) ir - 2.AV - (.A - BjU. ' 

The following conclusion from these equatinns may be noticed; suppose a 
ball A, mnviug with a velocity V, to strike directly an equal ball B at rtit« 
In this case A ^ l^and U o, c-onsequently v- 0 and a » V : t hat b, the 
former ball A is brought to rest, and the latter ii moves on with a velocity V. 
If now' B simkc on a third equal ball C at rest, B will in turn be brought to 
resq and C will acquire the velocity W And the snme is true if there is a 
foir^lu or fif[h, or indeed any number of baits. 11,15 resulE may be shown 
With iv-ory balk, and if carefully jjerformed ts a ven- remarkable eKpert- 
mcni, 

60. Wom I Meaiiitir of the Teriii,— It has been pointed out (t^ 36J 
that a moving body has no power of itself in change either the direction or 

u u I " * Mjch change takes place, it is a proof 

Ihnt the body ts acted upon by some external force. But although change of 
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fftntion til us aJways iiitplic.s ihc actiun of fcarce* forces ;trc o/icn &certed wiih- 
out can's Itig iiii5^’ change in Uic mothm of the buKlies on uhich iliey act. For 
instance, when a sihip is Foiljiii* at a uniifi>fm speed the force exerted on h bj‘ 
[he wind causes nn change in us inolion, but simply prevcjiis such a change 
being produced by the rcaisiancc of the 'uiuer ; uf, when a rail u'aystrain is 
ninning with, unlfurm velocity^ the force of the engine dots not cliange, but 
iinly rnainiains hs mottori in oppitsiti^m to the forces, such as friction tuid the 
resistance of the air, which tend Ui destroy It. 

These two classes of cajcs—‘natnclyi Hrsit, those- in which forces cause a 
change uf tiiotfon j and sscondlyt those In which they prevent^ wholly or ir- 
pan, such a ch-vige being produced by other forces—include all the effects 
to which the action of forces can give rise. When acting in eiihtr of these 
waj-Ts, a force is said to *4^ ' an expression which ib list'd ^tHeni 1 healEy 

in w sense somewhat mons precise^ but closely accordajti with that in which 
it is used in cominorf language. A little redaction will mjitq it evident that^ 
in all citsess in which wc arc accisatomed tn speak of work being do'ne— 
whether by mcn^ 3tijrse-piiwerj or slcain-poiver, and however various the pro^ 
ducts niay he in different cases—llie physitsd pan of the process cousisis sokly 
in producing or ch.inging n3oEUsn+ or in keeping up tnotio'n in opposllion to 
resistancCj or in a combination of thc&e actions. The reader will easily 
cuntnn ee binis^lf of this by calling to mind what ihedciinite actiuns are w^hicb 
constitute the wfsrk dune hy (siiy) a navvy^ a joineti^ a mechnniCk a w‘eaver j that 
done by a horse, tvhethEjreinployed in drawing a vtlitcEcTor in luroing a gin j 
or that of a steam ^ngme, whether It be us^ to drag a rati way drain or tti 
drive nuichinerv. In all: cases the wort datie ta redurjible, frmn a mechanical 
p<iint of viewv to tlie elements that have been itientinned, although it maybe 
performed on different maierials, with different lool^ and with different 
degrees of skllL 

It is, moreover^ easy lo see [comp, ja) that any possible chanj^ oi 
mocit^n tnay be fcpri^sented as a gain by [he moving bsxly of an additicmal 
(pfvsitivt or negative) velocity either in the direction of its previous motioni 
fw at right angles co it; but a btxly which gatns vetocity is (2y ' said to be 
Hence, w’hat has been said above may be summed up as 
foil mi's fj/itrff firttduur ricciVtfm/jfliH, if mefien 

iV efifiosffieif if /r JiWVf /ft wok K. 

6i. M;^iMiir<i of Wdrit.— In considering how work is tn be measured, 
or how the relation between different ttuantititj^i of work ia to be expressed 
Tiumcflcallyt we have, in acccindancc with the above^ to consider hrst, u*eri 
I and secondly, But in order to make 

the evahLatinnof the two kinds of work consistent, we rnusc bear In mind 
that one and the same exertion of force will result in tvqrk of either kind 
oeconiftig to the conditionji under which it takes place : thus, the force of 
gravity acting on a weight let foil from the hand causes it to move with a 
cnntimially accckroicd vehscity until it strikes the ground ; but if the same 
weight, instead of being allowed to fall freely through the air, be hung to a 
cord passing round a cylinder hy means of w'hich various degrees of frlctiimn 
can be applied lo hinder its descent. It can be made to foil with a very^ liiTijll 
and prmctically unlfom:! ^'clocity. Hence, speaking brcuidly,, it may be said 
that, in the fonper case^ the work done by granty upon the weight is work of 
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accelcriiriort only, while in the Inlitr cmc it is work .iKainit resistance (fncilcin i 
only. Uut it 14 very importnnt to note that an essential contliiinru without 
^i'htch a force, however cannoi do hvork either of one kind or the other, 
is ilmt the tiling acted on by it shall while the force cootinwes to act. 
This 14 obvious, for if no TontioTi takes pEuct k clcnrly cannot be either 
aecelernted or inasntasned against resistnnee. The tnotion of the biijdy on 
which a force acts beinj? *hu 5 ncccssanly involved in our notion of work 
bcio]^ done by the force, It naturally follows that, in estirnaiing how much 
Work is done, w'e should consider how' tnuch^lhat is to say, how far—the 
body moves while ilie force acts upon it. 'Vhh agrees vinlls the mode of 
estimating quamities of work inconnuon life^as will bo evident if wc consider 
a very' simple casC'^fur instance, iliai of a labourer employed to carry bricka 
up tn a scaffnld r in such a case a double number of bricks carried ^vould 
represent n double {lu^mlity of work dnnc;^ but so also would a double height 
of the scudold, for wliatcver aniount of work is done in mining a certain 
numlier to a height of twenty feet, the same amount must be done again to 
raise iheni another tn-enty feet, or the amoum of work dime m raising the 
hrteks forty ^l:^et is twice as great as that done when they are raised only 
twenty feei. It is also to be noted thnTt nn direct reference la //wre enters 
into the conception nf u quantity of work : if we w'ant to know how much 
work'a labnurer has done, we do not ask hoW' long he has been at work, hut 
what he has done—for instanccp how many bneks he has carricek and in wluil 
height ;-^nd our estimate of the KUal amnont of work is the same whether 
the man has spent hours or days in doing 

‘nm foregoing relations between force ami w'ork iiiuy be put inio definite 
matheTnalical kinguagc as follows;—If the |Mjint of application of a force 
moves in a straight line, and if the part of the force resolved ulong this line 
acts in the direction of the motion, the product of that compuneril and the 
length of the line is the w ork done by the force. 1 1 the component acts in 
the opposite diitection iii the motion, the component may be considered as a 
resistance and the product is work done against the nesislunccr Tlsus, in 
143% if '^c suppose a to move up the plane from R io K, the work done by J* 
is P K KS ; the WTirk done agiiinst the resisEaTicc! W is W sin .rx RS. It will 
be obserkcd that if the forces are in equilEbrium during the motion, so that 
the velocity of a is titviforin, P equals W sin a% and consequently the w^ork 
done by the grower equals shat duiit against tlic resistance. Also since RS 
sin AT equals ST, the work done against the resistance equals W ST+ In 
nihtr wards, m raise W from R to S requirM llio same amount of work as to 
miM It from T to S. 

if, however, the forces arc not in equilibrium, the motinn of ii wifi not be 
uniform, but arcderaied ; the work daiie upon it will nevertheless still be 
represented by the product of the force into the disSufiec through which it 
=*> ^-ii^citain the relation between the amount of work done 
and the change prnduced by it in the velocity of thd mnving mass, wc must 
wall one or two elementary meclmnical principles. Let F be the resultant 
halved Hilong the directicm of muiion, and H the distance through 
w lie 1 Its ^int of application moves : then, according to what has been s^iJd, 
the work dane by the forte - KS. Fmher, it hos been pr>inted L«t {39) Uvii 
a consEant force is measured by the momentum produced by it iti a unit of 
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lime : hcncct if T be the time during which the force aets* V ibi^ of 

ihe irtass M ai ihe beKinning of this period, aftd Vj the velocity at ue end, 
the momcmntti produced during the time T is pmd cojim- 

quetitly llie Tnotnenium produced in a tinit of lime, or, in other words* the 
ine.i^ure of ilie force^ is 

t 

Tlic dIaLance S thfougli whicii the m4i5j> moves while its velocity 
changes from the mine V to tht value is the same as if it had irio^^d 
during the whole period T wilh a velocity equal to the average value of ijic 
varying velocity which it actually possesses* Hut a ermstant force acttng 
upon a constant mass causes its v^lodty to chanjfps at a Mhiform rate ; hencen 
in the present case, ibc average velocity is simply ihe ariibrnelical mean of 
the instlnl smtf hriiil velocities^ or 

S=*0^ + V)T. 

Comhining this wiih the last equalion, wc gel os tlie eKpression for the 
work done by the force F : 

or, in words, a foaslit/s/ forr^ ar/j wjr a mmi lo ai fo tfi t'c/uwVi', 

fAtr mtfrjt tfom Ay fA^r fim is Aa/f fAs fAi^ mms /4r 

i-Aofix^ of tAf of iAf 

The forcKoirtg conclusion has been arrived ai by supposing the force r 
to be constant but it is easy to aliuw that it hulds good equally if F is iho 
mogniiude of a force w^htch varies fmtn one part to another of ihfc 
total distance through which il atts. To pmvc this, let the distance S be 
subdivided into a very great number ft of very small parts each equal la ;r^ 
su that II/-S. rhen by supposing s to be sufficiently small, we m.ly witH- 
nut any appreciable ermr consider the for<^ as constant within each of these 
intervals and as changing suddenly as Us point of application passe* from 
one interval I n ihe nc ?tt. Lei f i* h ji h j * + + * t be the forces acting 
throughout ihc isL, =nd, 3rd * . - /rth interval respectively, and kt the 

velocity at die end of the same intervals Ik ^ t'a (• ^\)* 

respectively ; therh. for the work done in the sutcesslvc Inicnals, we 
have— 

tV-tMfV-nO 


or^ for the total work, 

+ F^ I , . 


i I 
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tt'hcrc the qiUJirtlity of the Icft'IixiTtd Side of die irquaticin may also be wrtiten 
F^+F.> + . If wc put F to stand for the average (or ariih- 

ti 

medeal m^n} of die forces F,, 

Ail important spedai case of the appHoition of the above fnrmulii arises 
vhtn cither the initial or the final velocity t?f the mass M is nothing ; that is 
to say^ when the effect of the force is to nmk^ n hijdy pass from a state of 
rest inio one of tnotiot^ or ftura a state of modofi lota ime of rest The 
general expression ihcn assiiiues une of the following forms^ namely ^— 

FS-iM\V 

-FS-ptV^S 

the first of which dennics the quantity of work which must be done on a body 
of mass M in order tn give to it the velocity while the second cypresses 
the work that must he done in orrier to bring the same mass la rest wlsen k 
IS moving with the vclncrty' V„ the negative sigpi in the latter case showing 
that the force here acts in to the actual motion^ and is therefarc 

to be tegibniGd as a resistance. 

In practice^ the case which most frequently occurs is where work of ac¬ 
celeration and work agtiinst resistance iue performed simultarLeously. Thus, 
recurring to the inclined plane already referred to in an. 43 : If the force P 
^where F is ihc constant force with which the siring pulls \V up the plane) 
be gOrUter than W stn die body W will niove up the incline with a con- 
titiually increasing velocity^ and if the point of applicaiion of be dispheed 
from R to the total amount of work done^ namely^ P k RS, cunsista of a 
portion = W sin RSp done against the resistance of ihc w'cighl and of a 
portion = (P-\V sin j) RS ex|icnded in accekraling the weight. Hence^ to 
determine the velocity v with which VV arrives at the top of ihe incline we 
have the equation 

{P-Wsin j) 

lor the fhirtton uf P which is in excess of what is required to produce equiti- 
brium with the weight W. tiamety, P—W sin jr, corresponds to the rcsuibirti 
force F sup|iosed in tlie fraregoing discussion, and RS to the distance through 
which this rcsulunl furcc acts. 

62, Han atrictly scientific purposE^s a unit nf work is 

taken to be the- work dune by a urtit nf farce when its point of appllcaliou 
mwts through one fdot in the direction uf ks action ; buq as a conv-cnienl 
and sufficiently accurate standard for practicjil purposes, the quantity of work 
which is done in lifting 1 pound through the height of i foot is commoTily 
adopted as the unit, .tnd ihii quantity of work is spoken of as emc *fcMtt‘ 
^unil’ Jt is, hnw-evpr, tmpor^nt to observe that the foot-pouTid is not per- 
feedy luvanahk, since the weight of a pound, and dierefote the work done 
in hfimg It through a given height, dtfiers at different places ; being a litdc 
greater near ihe Poli^ than near the Rquaton 

' tnetne^ sy^un ihc hVa^eimtfitfrir is the unit; it is the weight of 

a kilngrumtne raised ihrtiugh a height of ^ metre. This is eqLial to 7'54 
fcKit pounds, and une foot-pound * 1381 of a kSlogrummetru, 
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63. iBorrr— T]ie fact that any aKcm is capable uf doing w orkii usually 
tKprci^!^ by sasing that it possesses /Cn^r^, and the quanMjy nf energy it 
pnsse^ea is rntasured by the amount of work it can. do. Foce.xjunplc, hi 
the Qtw of the incljntd pinnae above tefcrrrd to, the working power orencr-j' 
of the forte P Is P ^ N.H; and if this force acts under the conditmns Mt 
supposed^ by the time iia uu n cncrg>^ is exhausted (in consequence of in 
point ofapplicniionhaving arrived at the limit of the range through which 
it is supposed sibEe to act), it has conferred upon the weight W a quunticy of 
energy eqmd 10 that which has l>een espendetl ; for, in the first place, VV 
has htrcii mised through a vertical height equal to 51 ^ and could by fuJtlrtg 
again through the same height do an amount of work reptesei^led by W x ST : 
and in the second place W can do wnrk by virtue of <he velocity ihat has 
been imparted to it,-^Tid can continue moving in opposition to any given 
resistance R through a distance j, such that 

Rj 

The energy' possessed by the mass M in ctpnsequcnce of lia^'tng been raisied 
from die tjTound is contmonly distinguiiihcdaiicflcrj^r' fiT/fV*w/rW 

and is measured by the pn^duct of ihe force tending to cause motion 
into ibe distance through which the point of application of the force h 
capable of being displaced in the direction in w^hich the force acts. The 
energy ptissessed by a body in consequence orSis velocityj is commonly dis- 
tinguishod as p/ mofityn or jf/Vir/rV - k is measured by half the 

product of the moving mass into the square of Its velQcity+ 

bq_ Viu-tfsrii::!* of moeriify, —It will be sccjiis cm considering the dehnilion 
of 7mrk given abr^ve, that a force is said to do w ork Hvhen it produces any 
change in the condition uf hedies ; for the only changt* wl^ich^ according to 
the definition of/icfi? given previously (26), a force is capjihle td producing, 
are cliatigea in the slate of test ur motion of bodies and changes of thtir 
place in opposition to reftiaiances tending to prevent mnlion or to pnduce 
motion in an rsppositc direction. There arc, however, many other kihds of 
physical changes which can be produced under .appropriate conditions, and 
the r^eni progress of inA'cstigation has shown Ehal the conditions under 
which changes of ah kinds occur are so far analogous m Ehofic required for 
the production of work by mcchanicnS IVjrces that the term h.as come 

to \k used in a more extended sense than formcily^ and is now often used in 
signify the production of any sort of pbysicaJ change. 

Thus work 15 said Eo be done when a bMy at a Inw' Ecm|^ralure is raised 
to a higher temperature, just as much as when a weighE is raised from a 
lower to a higher l<!vcl ■ nr again, work is done w hen any clectricab magnetic, 
or chemical change is producetL This csicnsioii of the meaning of (he term 
wrJt involvca a similar extension of the meaning ot which in this wider 

sense may be defined as the 

As csamples of cnetgy in this more gcnctnl sense the fiiUowing may hr 
mcnEjonrd ^— (u) I he energy porossed by gunpowder tn %Trtue (Kr the miituaT 
chemical affinities of its caiistitucril.s whereby it is capable of doing w'ork by 
generating brat or by acting on a cannon-ball so as to change its st.itc 
rest into one of rapid tnoticin i the energv o( n ch.irgcd Lei^den jar which, 
according to the way in which ilie j."ir is dischargedp can give rise tu cluingca 
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of tcmpcKiture. totl^vnsR ..r chrmloil cnmpositin^ tn mrchanital chanRM, 
or to changes of magnetic or ttccirical contliuon ; (c) the cncr^' uf a nd-heii 
hall which, junonsiit other effects it is caEMble of pr^ucitig, can ratse the 
tempcniture and mcroase the volume of bod tea crplder Uian itself, or can 
chiirtue ice into waier or water into sitaiti; the energ>' of the stretched 
Sit nnjE ^ 5 ]icr-e wurk ha^ been cemBamed itt stretc ni ng ihc befi tig j 

when it h rt[eased ihc ^vqrk rcappeans m the velocity imparted to the zirjuve. 

6= TrnnmfQrmMti^am of has been found by espcrhncni 

that when one kind of disappear or is expended, cnerg>- of some 

inhtt kind i* pnHinced, and thnt, under proper conditions, the dtsapptattmee 

of any one of ihe known kinds of energ^y can he made to give nsc lo a greater 
nr Sew amount of any other kind. One of Ehe simplest illustrations that can 
be given of thi^ inmsfomintlofi of energy afforded by ih^ oscillations of a 
pendulum. When the pendulum is nf rest in its lowest positum it does not 
assess any cncfg> + for it h-oi no pow'cr of setting cither itself or other bodies 
in motion or of producing in them any kind of change. In order to set ilic 
pcnduUim osjcillating, work must be done Upon it, and it thereafter possessw 
an amount of cncf^^^ correspondiug in the ™rk that has been expended. 
\\'hen it has readied either end of its path, the pcndiilntn is fiiran instant at 
rest, but it poBsesses energy by virtttc of its position, and tan do an amount of 
work while felling to its lowest position which is represented by the product 
of its weight into the vertical height through which iti centre of jfmvity dc- 
Bcetids. When at the middle of its path the pendulum iS passing through ila 
position of cC|uitibrium and has no power of doing wEirk by falling lowTf, 
but it now' pcis-st^sses energy by virtue of the velocity w'hich it has (^ined. and 
this cnerg>' is able to catty it up on the second side of its lowest poBiiion to 
a Iwighl ectual to that friim which it has descended on the first side. By the 
time it reaches this po.'iiikm the pendulum has lost all i ts velocity, but it has 
regained the power of feUing ; this, in its turn, is 3 <ist as the pendiilum returns 
again to its lowest position, but at the same time it regains It* prc%'ioiis 
velocity. Thus during cver>^ quarter of an osciHation, the cneTg>' of the 
iwsnduiiim changes fmm potential energy' of positicin, Into actual energy or 


energy of mcrtion, or tw i^^rsd, 

A more complex case of the imnsfonnation of energy is afforded by a 
thcrmo-ekctric pile, the tenninals of ivhirh .ite connected by a conductiiig 
wire : the application of cticigy^ in the form of heal to one fecc of the pde 
gii.'es rise to an clcciiic current in the wirc^ which, in its mrnp reproduces 
heat, or by proper aimngeroEnts erm be made to prcidLice chemical, magnctic,^ 
Of mechanical effects, such ai ihojie described below in the chapters on 
Eleclritity. 

It hax :dso been found that the transformations of eneigy' nhvbtys take 
place according tn fixed properttions. Fur instance, w^hen coaJ or niuy nihcr 
combListible is burned, its chemLCal energy, or power uf combining 
oxygeti, vanisheB^ arid beat or thermnl energj' is produced, and the quant tty 
of beat pmduced by the combustion of a gi^'en amount of coal is fixed and 
invnrLible. If the combLixtion lake place under the iKiiler of a stcnin-^ingine, 
- mecKanical work can he obtained by the expenditure of part of the heat pro¬ 
duced, and here again the quantilaiive relation hetween the heat cspcndcd 
and the work gained m pbee of it u perfectly eonstnnL 
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66, coni^rraUeD of naerfr— greal i mportflnce which 
h-13 been amied ni b>"expcntnent is that ihe total amount of eiieiin^ posiics^c! 
by any system of bodies is unattered by any imnsfcimmiiott!, arising from the 
action nf one part of the system upon anotherp and Can only be increased nr 
diminished by efivcls prtMiuced nn the syslcm by external agents. In this 
stalemenl it is of cnuisc understood that in reckonin;^ the sum of the encrg]i’ 
of various kinds which the system may possess, thoiie atnounls of the 
dlrterent forms of cncr|;f>- which are mutually convertible inln each otlicr are 
lafcen as being numerically equal; or, what comes virtually to the same 
things the total energy' of the sysreni is supposed lo be reduced—cither ac- 
Tually* or by cfilailailon from Llie knowii ratio of transformation nfthe various 
fiirma of energy—to eneigy of some one kind ; then the sEaecment is equivalent 
to this i that the total energy- of any one form lo which the energy of a given 
system of bodies is reducible is unultcrable so long as the system Is not ncteii 
on from w ithouL Practically it is alw-a)^ possible, in one way or another, m 
convert the whole of the cnergy"^ possessed by any body or syslem of bodies 
into heat, but h cannot be all converted without loss into any other form of 
encriiy t hcncc the principle stated at the beginning of this article can be 
' enunciated in the dnsest confoimity with the direct results of experiment, by 
saying thnit, so long as any system of bodies Is not acted on frtHu w ithout, 
the total quantity of heat that can be obtamed from it is unahemblt by any 
changes w^hich may go on withm the syslem itself For ixisiance, a quantity 
of air compressed iniu the resen'oir of an air-gun possesses tncqry which ja 
represented partly by the heat which gives to it its actttal tempemEure above 
Ehe absolute Ecro {460), and partly by the work which the air can do in expand¬ 
ing. This latter portion can be converted into heat in various ways 1 as, for 
eKampICp by allowing the air to escape through a system of capillary tubes, 
so fine that the air issues from them without any sensible vclodly. Ifi how¬ 
ever, the expanding air be employed to pmpel a bullet froin the gun, it 
produces considerably less heat than in the case previously supposed, the 
deficiency being reprcsenlcd fnr a time by the energy' Eif the moving bullet, 
but reappearing in the fonn nf heal in the friction of tlic bullet against the 
air, and, w^hen the motion uf the bullet is de5Lro)'ed, by sirlking against an 
inelastic obstacle at the same level as the gun. But wliatever the mode and 
however numerous the inlermcdiate steps by which the energy of the com¬ 
pressed air is converted into heatp the total quantity of heat finally obtainable 
from it is the same. 


D 


50 


Gr&vitaihn mtii Afekctihr AUratfim. 


[67- 


BOOK IL 

OKAVlTATrON AND MOLECULAR ATTRACTION. 


CHAFTEK I. 

qpuvrrv- CENTRE OF ORAVITV. THE BALANCE, 

67* iTiitf Attraction $ lu hAWMn Um'i-iTsa/ is a fcir« in 

virtue of ^-hich the mascrisJ particles of all bodies tend inccs^inlly to op- 
proacli each other } k is a mutual action^ 1itiwcvt:r^ which all bc^die^ al rest 
nr in iUotiom exert upon one another^ no matter how great nt haw small ihe 
space between them may be, or whether this space be occupied or unoercu- 
pacd by other matter. . 

A va^c h^'pothesls of the tendency of the mailer of the earth and slats 
to a conunou Centre was adopted tvm by Democriiufi and Epicurus. Kepler 
assBlned the existence of a mutual attraction between the spn+ the earth, and 
the other pkncls. Bacotii Galileo, and Hooke also recognised the existence 
of universal attraction. Bui Newton was the lirsE who established the laWj 
and the univetaaliiy of pavilation^ 

Since Newtotfs time the attraction of matter by matter w'as escpfriimcnt- 
ally e^abllshed hy Cavendish. This eminent EngliBh physicist succeeded 
b)' Tneans of adelicaie torsion balance (90) in rendering visible the attraction 
between a targe leaden and a small copper hatL 

The altmciiou between any two bodies k the resultant oif the attractions 
of each mokcute of the one tipon every molecuie of the other according to 
the law of Ncwion, which inny be thus expressed : Mj? 
tiiv ma/frjti/ fiar/tWts A? Mr ^ fAdr 

auJ iflT'mr// M ^ MrtV To 

illustrate this, we may take the case of two spheres whichT owing to their 
5 )miiiKtry\ attratt each other just as if their masses were concentrated in 
iheif cenlres. If without other alteration the mass of one sphere were 
doubled, iripled, &c^ the atlTaction between them would be doubted, tripled* 
&C. It hawe%’er, the mass of one sphere being doubled, that of tie other 
were iitcrejised three times, the distance between their centres remaining the 
same^ the attmetion would be increased six dmes. Lastly^ if^ without alter¬ 
ing their masses, the distance between iheir centres were sUft^asAi from t to 
2f 3 a -b * - - - units, the attraction would be to the 4*^ 
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9thp l6thp - . , * part of iLs former intcniily. In short, if we define the 
unit of attractioo as that which would exisE beiween two units of rrwiss 
w'hose d^si^nce asunder wus iht unit of lengthr 1^*= aiinittion of lwo incile- 
riiles, having the masses m and mV at the disEiince r, wtiijld be expressed by 

tfjm* 

H " 

6S. Tori-eatrinl iTBTlmclQOr- -The tendenttj' of any body io fall towards 
the earth is due to the miituaJ attraction of that body .xml the earthy or to 
terrestriai gravitation^ and is, in fart, rncHily a particular case of unj^icrsal 
gravitation^ 

At aoy point of the earth’s surface^ the direction of gravity^cliai is, the 
line which a falling body describes—is calkd the v'cr/rVfr/line. The vertical 
lines drawTi at different points of the earth's surface converge very nearly 
the earths centre. For points situated on the same meridian the angle cnn^ 
laincd between the vertical lines equals the difference between the latitudes 
nf those pEunlS. 

The diredJons of the earth's attraction upon neighbouring bodies, or upon 
different molecules of one and the same body, must, thereforCp he consid>;red 
as pamllelp for the two vertical lines form the sides of a triangle whose vertex 
is near the earth's centre, about 4,000 miles distant^ and has« is the 

^nuill distance between the moEecuIes under consideration. 

A plane nr Line h ^id to be A&ris&ttfit/ when it is perpendiculir to the 
vertical line* 

The vertical tine at any point of the globe 1s generally determined byjhc 
ffig. 4 j), which uousists of a weight attached so the end of a string* 
It h crident that the weight cannot be in equilibrium^ un¬ 
less the direction nf the earth^s attraction upon it passes 
shrough the point of suppoetp and therefore coincides wish 
that of the string. 

The harizonUd plane is also determined with great 
ease, since It coincidetitp as will be aftcrmirtis ^hown^ with 
the fezW surface of every liquid when in a stale of equili- 
brium. 

When the mean figure nf the earth has been approxi¬ 
mately determined. It becomea possible to compare the 
direction of the ptumb-linc at any place with that of ihe 
normal to the mean figure at that place When any differ^ 
ence in these directions can he detcciedt it ccnslitutcs a 
of the plumb-linep and ia due to the attractipm of 
some great tnasa of matter in the ncighbnurhisod such as a mciuntain. 
Thus, in the case of the mountain of Schehallicnp in Perthshire, it ^as found 
by Dr. ^laskehoic that the angle between the d Erections of two plumb-lines, 
nne at a station to the north, and the other lo the snuth, of the mouniainp 
was greater by 11 '^6 than the angle between the tinnnals of the mean surface 
nf the earth al those pointa ; in other w'oids, each plumb-line w'as dedecEed 
by about 6 *^ towards the mouniaim By calculaling the volume and masa of 
the mountain, it was inferred from this nbiervalion that the mean density of-* 
the inoimtaln w^as to that of the earth in the lallo of 5 : 9^ and that the mean 
density of ihe earth is about five times that of water—a result agreeing 

20333 
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rtoKly«>itli that deduced from Caiendish’s fipcritncnu mferred tn in 
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wi"". . . (%. 41) be nmlecules of any txjdy. The earth'i alimeilon 
iIick: moteculcJi will conslbute a nf pamlkt having a comm™ 

vertical diTectbn, whow re*uliant, ncc&rding to will be fouTid by 
sng fir^l the resuUunt nf the forve* which act un any tw& jnol^^e:^ 
fff', then that of this rtaultan^ md a third force aclingf on ^ 

until wc arxiv-e at the final resultant^ W, representing the weight of the l>od>, 
and applied at a certain pnitii* G. If the body be now tutried into t le 
po&iliun shown in fig- 43* the mtilecules wr, wif, m . . w'lll continue to ^ 
acted On by the same fotces as before, the resultant of the forces 00 fft an 
w;" will still pass through tht same points in the line tfim*, the following re^ 
sultant will again pa'ss thtough the same point in wn'\ and ^ on up 10 c 
fin:i! resoliiioi F^ivhich will still pass ihrougb the same point G, whtch is 

the Li . 

To find the centre of graii'ily of 3 body is a purely geometrical problem ] 
in many Cases, Howewr^ it can be at once determined^ For instancy the 
centre of gravity nf a right line of unilrjrm density is tlte point which bisects 
its length f in the circle xnd sphere it coincides with the geometrical centre ; 
in Cylindrical kirs it \i the middle point nf the axis. The ccnire of 
of a pliant triangle ts In the line which joins any vertes with the middle nf me 
opposite side, and at a dislance from the H-ertes equal to iwo4hirds of this 
line: in a cone or pyramid it is in the line which joins the veirtes with the 
centre of gravity of the base, and at a distance from the vertex et|ual to 
fourths of this line. These rules. It tnuat be reiticrabctcd* presuppo^s that 
the scl eral bodies are of uniform dGnsily. _ ^ > 

fn order to dcEcrmine experimentally the centre of gravity of a hiVly^ i 
is suspended by a string in two different positions, as sliowTi in figs- 44 
4S ; ihc point where the directions AB and CD of the string in the tw'o en- 
periments intersect each o^her b the centre of gravity^ required- Jor 
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on being a etniral force nppikil al the 
n in equilibrimti when this point lies vertically 
; thsi i^T prt^Scmgiiticiii of the suspended 


string. But iha centre of gnivilr. 
being in AB ns well as in C D, inu^t 
coincide wiih the point of inicraec- 
tion of these two lines. 



Bqtilllbrinna or »*«tt 

*Sliicc the aettnn of gmvii)' 
upsan a body rtduccs ilM]f to a 
fiiTiglc veriicai force nppHed at the 
centre of gravity and direcled to¬ 
wards the earth's centre, ctpiili- 
briutn will be established only when 
ibis resulianl is luJanced by the 
resuUant of other forces an d resist- 


anGcs acting on die body at the 

tiKcd point throayh which It jKisses- / H I Ji iJir 

Whttk only one point of the ^ Fig. 45. 

bfKiy is hsed, it w ih be in cqullS- i t. t 

biium if the vertical line through its cenire of gravity passes through Ibc hxecl 
point. If more than one point is supponed, the b^y will be in cc|uitibnum 
if a venkaJ line through ihc centre of gravity passes dirmigh a point w uliin 
the polygon formed by joining the ptunts of support^ 

'I’hc Leaning Tower of PiJia coTiilnucs to sland because the vertical line 
draw n threaugh Its centre of gravity passim withtri its Ixise. 

It IS easier to stand on oyr feet than on stilts^ because in the latter c^ise 
the smoilesi motion is sufficsenl lo cause the vertical line through the centre 
of gravity of onr bodies to pass outside the supponlng b;we^ wliicb is hcr& 
reduced 10 a mere line joining the feet of the stilts. Again* it is impossible 
!□ stand on one leg if we keep one side of the font and head close toa verti^ 
w-allj because the latter pro vents us fiom throwing thcbodi'^s ccatine of gravity 

vertically above the supporting b^^^ 

71. Hlffurant of equtli&rnmi p Although a body au|Tportcii by a 

fixed point is In equilibrium whenever its centre of gravity is in the vertical 
line through that point, the fact that the centre of gravity Eeads inccssanily 
10 uccupy the lowest possible pusixion leads us to distinguish between three 
states of eqiiilibnuin— stud/rj uirsfa^t^ 

A body Is said to be in if it tends Eo return to us first 

pcsltien after the equilibrium has been slightly disturbed. E%-cry body is in 
this slate when Its position is such that the slightest alteration of the same 
elevates its centre of gravity; for the centre nf gravity will dtscend again 
w'hen pc-TiniiTtdj and after a few' oscillations the body will return, to Its 

original position. _ ^ ^ ^ ^ , 

The pcnduSuiii of a dock continually oscillates about its position of stahle 
cquilibniini^ itrid an egg on a level table is in this %ta.Ec w'hen its long asis 
IS hotiipnlai We have another illustration in the toy represented in the 
adjoining fig- 4*. A small figure cut in ivory' is made to stand on one fijoi 
at the top of a pedestal by being loaded with two kaden balls, fi, placed 
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sulKidently low to ihmw the centre of {fnidty, uf the w hole cmiipound 
body below the foot of the figuie* After bemg disturbed the little hgiire 
oadibtes like a pruEfulum, hjavio^f its point of siispcn- 
aidn nt the toe^ and its centjt of gravity at a lower 
iwint, 

A body is said to be in ^ui'iidn'um when^ 

after the slightest disiurbance, it tends to depart still 
mare (turn its onginal position. A body is in this state 
when its centre of gnidty is vciricaljy above the point 
ofsupptm, or higher than it wuuld be in any adjacent 


fiff- 




poiitiofi of the bfMJy, An standing; on its endj or a stick balanced upright 
un the dnger^ is in this sLiie. 

LastijV if in any adjacent position a body still remains in equilibrium, its 
state of cquiUbiiwn is said m be In this case an altemuon in the 

position of die body neither raises nor lowers its centre of gravity. A perfect 
sphere resting on a horintontal pkinc is in this slate. 

Kig. 43? represents three rones. A, \\ C, pLiced respectively b stable, 
unstable, and neutral equHibnum upon a horirnntal piane. The letter tn 
each sihoH's the piisition of the centre of gravity* 

71. Ttnf baiajite. —The balance is ;in inslnimcnt ftir determining the 
relative wcighti or masses of bodiesi. There are n^ny vartettei. 

The ordinjiry hokncc (%. 48) consists of a lever of the first kind, called 
the Ali, liiih its l^lcrom in the middle; at theexircmities of tire bcani 
arc !ius|^nded iw o scale panx, C and U, one intended to receive the object to 
be werghed, and the ^nher the cotmterpoise. The fulcrum consists of a steel 
prism, commonty called a £rwi/r which passes through tire beam, and 
rests with Its shaip edge,or tovj 0/ upon two supports ; these are 
limired of aguie, m order lu diminish the friction. A needle or pointer is 
fixed to the bwinv and osciilutei whh h m front of the graduated arc, u; 
w hen the beam is perfettiy horiiontal the needle points to the aero of the 
graduated urc. 

Since % f^o) mo k|ua 3 forces In a lever of the firsi Itind cannot be in 
^utlibnuin unless their IcivtAi'es aie cqi*al. the kngih of the aniu! jtA and 
flU uujfht tu lemain equal during the fwnecss of weighing. To setuTe this 
Hie scales aic suspended fttun liotsks, whose ouived pans have sliarp cdccs. 
and rest on similar edges at the ends of the beain. In this manner the 
sfaJes are iq cfTeci supported on mert points, which remain imiiioved durini: 
the i^illanqns qf the beam. This m«le of suspeusi.m is represented in 
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yj, ComUtlena t» ll* tiT * -A good balaRi^ cHighl 

IQ itic foUowing^ ^eruditions : — 

i, TAt 4xnm 0 / fAt Mjjw othtrwise, 

according io the prindple of the lever, ynequot weiglits will be required t£i 
pnxiuce cquiltbriunu To i«i whclher the arms of the beam arc equ;il» 
weights are placed in the two scales until the befun become hori^ntal i 
the conteoti of the scale* being then Interchanged, the beam will remain 





hori^otital If Us amts are equal, but if not, U will descend on the side of the 
longer iuttu 

ii. TAf Marne oif^Af m cfuiiiMutn TiAea tAe jcaies ifn *^0^, for 
otherwise unequal weights must be plated in the scales in order to products 
equilibrium, h mu&t be tiome in mind, howev'cr, that the arms are not 
necessarily equal, ^ beam remains horkontal when the scales are 
empty \ for this result inlghl al&o be produced by ^ving to tlie longer arm 
the lighter scale. 

iii. TAe Mm Mng Aon^n/a/, Us trmtr^ i/£nit*/^^augAfS0 Se t'n fAt iawre 
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■ivrtifxil line avVA the edge p/ the fiikmm, ttttd ,i tittle hetim* ihchttter, for 
oilicmisc ihc beam would noi bu in stable etjuilibriuni 

TJie effect of changing the positioo of the centre orgmi jty maybe shown 
by means nf n beam (fig. 49), whose folcnim being the nut of a screw, a, can 
be raised or lowered by turning the screw-head, K 

When the fulcrum is ai the top of the groove e, in which it slides, the 
centre of gravity uf the beam is below its edge, and the Jailer oscillaics freely 







ahtitit pchsStimi of stable equilibriuin, Hy KTiidualJy lowering the fukruin 
iu edge rrpy be made lo pass throu^li the cenire of gni\ity of ihc bcam when 
the liuter 15 in neutral equilibrium ; that is tu say, h nn longer oscillatea, but 
remains \n cquilibinuia In all pcsitinns. \^ 1 ien the fulcruin i$ law'nred still 
nwre, tlie centre of Kravsty poshes above its edge+ the bcanx is in a state of 
unsLable equillbnum, and is Overturned by the Itiut dlsplacemcnL 

74. Udiicwej or tb« iiAiiwc«.— balance is said to be when a 

vc^ smiiJi diderenec between the weigbiui in ilie s^cnlcs causes a perceptible 
deflection of the pointer. 

Let A and fl (ftgSr 50 and 51] the points from w tiieh the scale pans are 
suspended, and C the axis tif snspehsion of the beam. j\ Jl, and C are 




Hi. 


supposed fo be in the same straight line, nccording tn thetisunJarrangemeni. 
Suppose weights F- and CJ to be in the piins, susp«=ndcd from A and B re- 
Uie centre of gravity of the beam; thcit the beam 

„ '] 1 '* ‘’V^ the pointer, Awording to the above 

' ^ ^^***.*t ani^c ECDfor a given difference between Pand Q, 
^ ^ of the hojance, Draw m right angles to Clt 

f u .K ^ "I'fjF't of llw be,Tm, iben from the propeities uf the lever it 
moments with respect to C, the mtiment of F equals 
Fi^sam of the tnemeuits of Q and W, a condition whicli at onix leads to the 


(P-Q) ACwWxCN 
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Vow ii is clear tbai for n given value of CC tlie nngic GCN (that i&, RCD, 
which mcasitres the dclicao) is great as CN ts greater: and from the 
tormuia it is clear that for a given value of we shall have t.N greater 

as AC is greater, and as W is less. Again, for a given value of CN the angle 
(iCN is greater tvs CG is less. Hence the means of rendering a balniicc 
cJclitat« arc:— 

i, T0 mtshf arms /Ae fmg* 

11 ^ f#W/ 4 ts h ViftiA ifs 


e/ grat^ify ^ ^artt rt Tvrj^ iiii/c 

Atujf/fl/supper/. , . r V r iL 

Moreover, smee friction wHl oppose the action of tni; lorce loal 

lendi to pfcpomlcriitc, tht bnlance w^all be rendered more delioite by diminish- 



Fig- 3^ 


ing frictbn+ To secure thh adi'itiiage the cd^& from which the beniii nnd 
senJes are sijs|jcnded arc mHidc as sharp and as hard as i^sible, and the 
snppons on which they rest are verj' sitifKith and hsindi This Is efTcticd by 
the use of aipitc knife edj^es. And, further^ the pointer is rTin.de ]on^j since 
its clongiitiein render^ a ^dven deflection more pcrceplibic by increasing: the 
are which its end defcribes, 

75. Hod cftettiieia iiniwiflei+- Fig- 52 repitscnts one of the 

siccurate balance* ordinariiy used for chemical analysis. Its sensitiveness is 
such that when charged with a kilogtaniTnc [l.cOO gims.) in each scale an 
excess of n milligraminc {^th of a gntt-) in ehher scale prodticci st ver^' 
perceptible deflection of the index. ^ 

In order to protect the iKihince from air correntSj diist^ and mnisture, 
it is Mwnys, even when weighing, surrounded by a glass cascp whose front 
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slides up nnd duwn, to ettable the opetatar to iniroduce the objects to be 
H'ci];j:hud. Where eKtreine accuracy is desired the case is constructed lo 
lliiit tpc spne^ may be And Ute weig^bin^ made in va£ti&, 

I n order to the edge of the rtilcnioi as much as possible, the n holc 

»iim, UB^ with 111 fukrum can be nds^d frQm the $Lippoit on which ihe 
latter resis by simply turning the button O outside the case. 

The horironiaJity nf the beam is detcmrined by means of a long indet 
which poinisdownwarids to a graduated arc near the foot of the supponinK 
pitlar. Lastly, the button C scr\ es to alter the «Misitivtncss of the balance ; 
fry turning It, the centre of grat-ity of the beam can be made to approach 
or recede from tlie fulcrum (73). 

7 &. Meitiad or tionliie woiEhing.- Eren if a balance be not perfectly 
^curat^ the true weight of a body jimy still be determi ned by its means. To 
00 so, the body to Iw weighed is placed in one scale, and shot or s.ind poo red 
into the other until equilibrium is produced ; the body is then tvpiaced 
by known weights until rtquilihnuin is re-established. The sura of these 
weights wiU necessarily be equal to the weight of the body, for, arting under 
preascly the samo circumstances, both have produced precisely the same 

■j^e c^t widght trf a body may also be delcrTnined by placing it itic* 
crtssively in the tw-o pa^ of a balance, and then deducing its true weight. 

^ ''T '? 1™" ^ whose true weight 

hf™, r ^ ^ requiKd to haknee it. let ^ and d be 

he \ T'” corns|»fldmg to x and /, Then from the principle of 

k ^ l-ve Siraikrly ifj», is the weight when the 

iSchHence from 
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77+ £hw« bo4J«fl- —since a hi^df fiills to the ground tn conac- 

quenctf of the eanh's attmction on of its moteculcs, it fodows that 
cver^^ing else being the aJI bodies, and 
small, light and hea\y^ ought lo fall with equal 
rtkpidil^*, and a \ximp of sand withoui cohesion should, 
during its fhlli retain ioi original form as perfectly 
as if it were compajct Eiione. The fact that a. stone 
falls more rapidly than a feather is due solely to the 
unequal resislances opposed by the air to the descent 
of these bodies; m a viii^aum it// Jtt// wM 
^ual rttpidiiy. To demonstmte this by experiment 
a glass tube about two j^ard^ long (fig. sjh may be 
laken^ having one of its ends completely closed, 

And a brass cock fixed to the other After having 
introduced bodies of different w'elghts and densities 
(pieces of lead^ |>apcr^ feather^ Slc.) Into the tube, 
the air is withdrawn from it by an air-ptittip^ and 
the cock closed. If the tube be nnw suddenly re¬ 
versed, oJI the budicfi will fall equally quickly^ On 
introducing a. liltle air and again inverting the tube, 
the lighter bodies become slightly retarded, and this 
retar^tion increases with the quantity of air Intru^ 
ducecL 

The resistance opposed byihe air tn faJliiig bcHJies 
t$ capcciaJly remarkable in the case of liquids. The 
Slanbbach in Swit^rland is a good illustnitiun; an 
immense mass of water is seen falling over a high 
precipice, but before reaching the bottom k is 
shattered by the air into the finust misL Jn a 

^-acuunq however, liquids fall like solids without 
separation of their mokculei The 
illustrates this i the instrument consists of a thick 
glass tube about a foot long, half lillcd with wutcr, 
the air having been espeUed by ebullition previous tu 
closing oru3 extremity w*lih the blow-pipe. When 
such a tube Is suddenly inverttdj the water falls in 
line undivided mass against the other extremity of 
the tube, and produces a sharp dry sound, rescni' 
bling that which accompanies the shock of two solid 
bodies. 
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Ffdm Ncwion's la w ffij) it fnllows lhat u'hpii a body fatls ia ihc earth 
the farce of nttnictioQ whkh enuses it ta do so bereases a* the body 

approaches the earth. Unless the 
height from which the body falh, 
however, be ver>' E^ea^ this in- 
crease will be altogether inappre^ 
ciable^, aod the force iti (j^oestion 
may be considered av-constant 
and continiucnis. Jf the resistance 
of the air were rernoved, iJicrefore, 
the motion of all tiod^ biting to 
the earth WEiqld be uniformly ae- 
^ ceterated^ and would obey the 
law s already ej^pkdned (49}. 

7^1 -JLtwood'ii m actain — 

Seveml instruments have been 
invenEed fm illustrating and ex- 
perimenutJly verifying the law s of 
fatting bodies^ (JaJileo, who dis¬ 
covered these Liw^s in the early 
part of the set'crUecnEh cernury, 
illustrated them by means of 
bodies falling down inclined 
phinea. The great object of all 
such instruments 15 to diminish 
the rapidity of the fail of bodies 
withuut altering the character of 
their motioEi^ for by this means 
tlicir motimi may noE only be 
better observed, but it wUl be less 
mtidified by the reskstance of the 

(4^J, 

The most convenient instru-^ 
ment of this kind is that invenled 
by Atu-ood at the end of the hist 
centuii’, ilnd represented in dg. 

It consists of a stout pillar of 
w'uodp about 2^ yards high, at the 
*op of w hich is a brass pulley, 
whose axle rests and turns upon 
four other w heds, culled /ria/^ 
inasmuch as they serv c to 
diminish friction, Two c^unl 
weights, M and are attnehed 
to the extremities of a fine silk 
thre.id, which passes round die 
-11 . , ' ^ pylJey; a time-piece, H, £xcd to 

fn 51 pendulum, V, m ihc usunJ way ; iJiat is 

to saj, tfcc osctllatioos of ihc pendulum are tommunicated to a mtehet, 
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whose two tccElL, M *pcn in tlie figure, fit inio those of the r.itcheE ^hceL 
The 5ixlc of this w'hcet pves motion to the seconds hautJ of the djal* und 
also to an eccentric behind the dial, as shawm at E by a stpaniic fi|:ure. 
This cecentric plays^ againsi the extremity of a lever which it pushes 
until the latter tuci longer xupprtris the small plate, 4 and thus the weight SX, 
whhh at first rented oti ihi^ ptaset ts suddenly e:{poscd to the fret aetion of 
j^ravity* Tiit eccentric is so constructed that the littte plate / fails pre¬ 
cisely W'hen the hand ol the dial points to xeno. 

The weights M and i^r, being equal, hold each other in equilibnufn ; 
tin: w'Gighl Mp however, is made to descend slowly by putting a small bar or 
overweight m upon it : and la measure the spaces w^hich it dcscribei^ the md 
nr scale, Qi is divided into feet and inches, cqmmencing from the plate i\ 
Tn complete the instrument, there are a numlwr nf plates. A, A*^ C* C", and 
a number of rings, li, U\ which may be fixed by screws at any [kitx of the 
scale- The plates arrest the descending weight M, the rings only arrest the 
bar or oi^erwcight w, which was the cause of motion^ so that after passing 
through them, the weight M, in consequence of its inerthq will itiovc on 
uniformly with the %'elocity it had acquired on reaching the ring. 'ITie 
several parts of the apparatus being describcdi a few words will suffice to 
explain the mcthotl of experimcniing. 

Ixt the hand of the dial be plniced behind the zero point, the lever ll 
adjusted to support the plate i\ on which the w'eight M with its overweight 
m rests, and the pendulum put in metian. As soon as the hand of the dial 
points to rcro the plate f w^sll fall, the weights ^rl and w will descertici, and by 
a Ittde attention and a fcw^ trials it will be easy lo place a plate A so that M 
may reach it exactly as the dial indicates the exptratinn of one second. To 
mahrf a second esEperlmenl, let the weights M and the plate 4 and the 
kver D, be placed ns at first; remove the plate A, and in its p!,i;ce put a ring, 
so as to arrest the overweight m just when the tveight M w^ouM have 
reached A ; on putting the pendulum in moEiun again it will be easy+ after a 
few^ trials, to put a plate, so that the weight i\l may fall upon it precisely 
when the hands of the dial point to two seconds. Since the ovenveight 
in this experiment w^as atrested by Ehe ring B at the expiratton of one second, 
the space iiC was described by M in one second purely in virtue nf its owti 
inertia, and consequently by BC will indicate the velocity of the falling 
ntass at the expimlion of one isecond. 

l^mcceding in ihc same manner as before, kt a third experiment be made 
in order tn ascertasTi the pi)ini IJ^al which the weights M and m arrive after 
the iu|Jse of two seconds, and putting a ring at H\ ascertain by a fourth exr 
pcfimcnl the punt C' at which M arrives alone, three seconds after I he 
descent commenced; will then express the velocity acquired after a 
descent of two seconds. 1 n .a si milmr manner^ by a fifth a nd si Jtth cxperiinenl, 
wc may deiennine the space OB'" described in three iieeondi^. and the velo¬ 
city IV'C*' acquired during those three xecondfi, and so on; wc shall find 
I hat BT’'is twicc^ and B"C" three times as groat as liC—in ol her words, 
that the velocities I^C, WC\ increase in the same proporiion as the 

ilmtE (i, 2, 3t . . . seconds) employed in their acquiromenL By the iWd- 
nition (49)^ therefore^ the motion is unifrirmly accelerated. The same c.v- 
periments will also sene to vcril>'aml illustrate the four laws of unifortnly 


62 


(Jnrt'/fft/tba snd Mokmlar Attmethn. 


[78^ 


cnotion os tnuncuiicd In (49). For exampk, the spaces OB, 
''ll L ^ < ' ’ ■ ' atjcribcd from 0 state uf rest ia i, i, 3, , , , . seconds 
will W found to be projKirtionaJ to the aumbens r, 4. 9; . . . ihai is to sav 
to the squares of those numbers of seconds, as stated in the I h ird law. ’ 
_ t ]f, if the overweight wf be elianj^d, the acceJeralinn or velocitv BC 
acquired per second wiU also bo changed, and we majf easily vertfy the 
assertion in <29), that force ti proportional to the product of the mass moved 
into the a«e[em»on produced in a given time. For instance, assuming the 

ounce, and M .md SI laeh rjJ mincu, the acceleration MC would be found 
to be SIX inches; whilst if m weighed r ounce, and M and M'cach 6 H 
ounces, the a<;ceJeration BC would be found to be three indies 

'""t'Ort, that is the overweights 
are m the latia of 1:2; while the ptnducts of the masses and the accekra- 
tion* are in the ratio of -i-15? + 15J) * 6 to (1 +63* + « 3 ; that is, hey 

are t^o m the ratio of j ; Now the same result is obtained in u hateTcr 
rZs t1 varied, and consequently in all 

inen^^a -f the mo- 

principle of this apparatus, the original 
ti^wn *F^“' <i^encrat PnnccKis to make the bodyl!? falling frticc 

gives lhriklaifs!^“^i^nl™t •ipparatus, .md figure 56 

7 feet hid, wh ch hS a frameworlC about 

\i !i,- u ’ ” " , '■* position a very light wooden cylinder 

M, which can turn free y about its asdi. This j tyitntiei'. 

^ |»<h by fc bojy 

1"" »iW" a., ium,™, „f ,b. b, 

™s which server to deduce ihe law^iheZjJ 

TX' ‘ 

which turns two endless screw* « and V "1 „f 1 ? ^ 

iiiid the other two vnnes, j-and Jif (Hz s 6 V At thtr !vh the cjdinder, 

wheel, 10 which fin the end of a Icvcf'llt ^ raichei 

nther end of B, the wheel is liberated. Ihc VeU^QT^ud^L^^ 'V*1' 

syiltm beinn?’ la turn. i s ^ descends, nna the whoJe 

offe«aresSSncetXvau« 7 rs ^ 'he air 

n»M rapid, the re=Ht.-mce finally ^quaU thJaS^.f ™!f!»«“«•“ 

to inipan. From Uiis time ih/mStioo becomSS™ 

wj(en the weight Q has traver>Gd about ™» 

moment the weight Pb detached by puUinl SX?d‘rand^^ at this 

iracth ihe curi e friit. ^ ^ JS tne coird K, and tlw pencil then 
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If^ by fnciins of thisctme* w’le escammc the double mcnioti of the pencil 
oji the small scares whkti divide lUo paper^ ■*« J^ee tJiat, fur dispEactnienu 
It 3, , * * * in a horiEonEHl direction, the dispbeement^ arc 4, ^ , 

in a vertical dirccdom Tbk shows tiiai the paths travenied In the direction 
of tlie fnli arc directly as the sc|tiarc^ of the lines in the direction of the 
rotation, which veridcs the second bw of falling bcKJtcs. 



Fia, 5J. 


a*' 



B 

Fif.sfi. 


From llie rriatiorL which eid^bis between the two dlmensioiu of the curt^e 
mir^ at k eoDcloded that thii cuni'e is a 

^ xiae lemtu of to* peadiiitua+^Tlie formula deduced jo 

article (55) and the condusioii* which foJtow^ ibcrcfrom refer le the ca^e of the^ 
simple nrnmthcmalfcal pcnduluni; that to a single heavy point ^lispendcd 
by n thread wLthi>uL welghL Such a pendulum has only an inia^ioao^ 
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existence, and any pendulutti nhirh does not realise these conditions is 
n caaijiaumf or Jthyiiaii pcndiilLiiii. The laws for the time of eibtn- 
nan of a compound penduiuin are the same as those tvhich reKulale the 
motion of the simple pendulum, though it will be necessary to define ac- 
cumtcly what is meant by the hnf^k of such a pendulum. A compound 
pendulum being formed of a heaiy rod tenninaled by a greater or less mass, 
it foHow^ that the aevEnil material points of the whole system will strive in 
perform their osoillatians in dllTerent times, llieir distances from the axis of 
suspension being diflerent, ami the more distant points requiring a longer 
time to complete an oscilLition. From this, and from the fact that being 
points of the smne body they must all oscillate tUi'citicr, it follows that the 
inoiion of the points npr the axis of suspension will be retarded, whilst that 
of the more disl.int points will be accelemtcd, and between the twxi extremi- 
tics there will necessarily be .1 series of points whose mniion will be neither 
accelerated iinr rct.irdcd, but which will osclll.itc precisely as if 
g they were perfectly free and unconnected with the other points of 

* the system. These points, being equidistant from the nxis of sus- 

1 uension, constiluie a pirallcl axis known as the nar/j n /eidthiihm : 

It IS to the distance between these two axes that the term 
0/ thi tomppufui ficaditlum is applied: we maj' say, there- 
that thf hitgih o/ n tomfitmndfitmitflam it that nf tk^ 
uliim u'hith dtttriif ih w,/7/tr//bfl^ /,/ tkt s,wu 



Huyghens, the celebrated Dulcli physicist, discovered that the 
.axes of suipensiun and oiicitlatiuti .ire mutualty cotixTrlible, that 
IS to Kiy the time of oscillation will remain unaltered when the 
pendulum Is suspended fnim its axis of osciUniio),. 'flits Enables us 
U) determine experiment.illy the length ofthc compound pendulum. 
For this purpose the rn’trtiUtJ>endHltim Aev\un\ by [Johtienbergcr 
and hater may be used, fine form of this (fig. 57) ]s a rod w^th 
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A^»«teniiiin of CfEvStj' 


S ill aT 
□him 


IjtltQpdit. 

trt IKlsefc. 

levC. 

niftrn. 

70^40' N. 

391948 

31-2364 

9 ' 825 ®^ 

53 -9 

39-1472 

33-1973 

91613J 

54 -45 

3915*'?' 

J 3 “J 003 

9-8143 

5 S ^ 

39“ 1439 

J2I943 

9-8124 

51 -29 

39 "'398 

32-1912 

9 -fliiS 

4S 50 

39^ I-!®; 

j2"iSl9 

9-8039 

4 ^ ’4 3 

39'ioTi 

521594 

9-8019 

jS "54 

39-09163 

32-1558 

9-8006 

13 '4 

jg^J 263 


97836 

7 ' 5 ^^ 

39^342 

32-0939 

97817 

a 

39^307 

35^*957 

^7826 

33 35 S* 

3^10780 

52 *MCi 4 

97963 


H ajnmtrfest . - 

MancheMer . 
fCoTiiirsbi^ir^f . 
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Coii5c<|ucntly| iif or ihc 5p;n^c d?scribetl in she firiit second of sw motion 
by a body falling ift from a siate of rest ( 49 ) ^ 

1^-047^ feet or 4'59i metres at St Iliomas, 
i6t>9j& „ „ 4^905 London, and 

i 6 ’HS 2 n ,,4-911 » ai Hammerfest. 

fn all calctilations, which are used for the sake of illiislrntion, we may 
take 52 fed or 9“S metres as ihe accelerative 
efTcct due to gmvily. 

From obser^'ai iona of this kind, nfscr apply¬ 
ing the neccssar>' coftecliona^ and lakioK into 
account the effect of rotation (83)1 the form of 
the earth can be deduced 

Kl. ^erldeatlPn ef the liiw» of the pen- 
d4lkiEu.^ln order to verify the lawi of the 
simple pendulum (55.] we are eomptlled to em¬ 
ploy a compouiid one^ whose construdiion differs 
as little a^ possible from that of the former. 

For this purpcHe a smalt sphere of n very' dense 
substurtce, such as lead or platinum, is sus¬ 
pended from a fix.ed point by means of a viury 
fine meEal wore, A pendulum thiis formed os- 
dllates almost like a simple pendulum, whose 
length is equal to the dlslancc of the centre of 
ilie sphere from the point of suspension. 

In order to verify llie isochronism of small 
oscillations^ it is merely ntcessaj^- to- enuiii the 
number of oscilUiticijis made In equal timcST 
the amplitude^ of these oscihatiems diminish 
from 3 degrees to a fr^tction of a degree ; this 
number is found to be consuinl. 

That the time of vibration is propnnional 
to the square root of the length is verified 



n^-si. 


by causing pendulums, w hose lengths are iis the numbers 4 t 9 i ■ ' 
oscillate simultaneously. The corresponding numbers of oscillationji in a given 
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time arc tlien ftmnd to be praporlbn^] to the fnii;iioris, Jt ft ■ ■ . - . 
which shciws thiTit [he liincs of Increase as the numbers i, i, 

3i - + 

By taking scvtirsl pendniuifis of estactly equal Een|rth, B, C, D (fig. 58), 
bus with spheres of dJfierenl 5 ubsiancei_lcad, cupper, ivorjf^—h is fijund iliat, 
neglecting the resistance of ihe air^ these pcnduluiTi$ osciHitc in equal tiines, 
thereby shewing that the accelcmtiix efiect of gravity on all bodies is the 
same at the same place. 

By mentis of an arrangemLnt resembling the above, Newton verified the 
fad that the mass^j of bodies are deieemined by the balance ; whieh^ it will 
be remarked, lies at the lutmdatton of the measure of force (39). For 
It wilt be seen on «mparing (S 4 ^ and (ss) with (50) that the law of the 
itine of n small Dseilhiitinn is obtained on the sijppi>stLion that the force of 
gravity on all bodies is represented by in which M ss ddermined by the 
balance. In oi^ertoi verify this, he had tnade two roiind equal wooden boxes 3 
he fiticd one with wood^ and as nearly as possible In the ccnlrc of oscillation 
of Ihe other he placed an «|ual ivciehror pold. He then iuapended the 
boxes by threads eleven feet long^ so thiit they form.ed pendulums exactly 
equal so far as weigh l, figure^ and resistance of the air w^e re ccmccmcd. Th elr 
OKil Eat ions w'cre performed in exactly the tamolime. The same results w^re 
obtained w^hen other substances were used, such as silixrp lcad+ glassi^ sand, 
Mlt, wood, com. Now alt these bodies hud equal weights^ and if the 
inference, that therefore they had ec|ual masses^ bad been erroneous, by so 
much as the one-ihousandEh port of the whole, ibe expcrimciil would have 
detected iL 

S2. ApplieftUDB of th* e^cBdoiaBi to ei*eic«> 1 he rcgutation of the 
motiun of ctncks is Ejected by means of pendulums^ that of watches by 
ba^nce-springs. Pendulums were first applied to 
0^^ purpose by Huygheits in 1658, and in the same 

[BCdKisrKKS#' yc.tT Hooke applied a spiral spring to the bidance 
of a watch* Ihc manner of crnploying the pendu¬ 
lum IS shown In fig. 55, Tlie pendulum rod passing 
between the pD:ings of a fork m communicates its 
motion to a nid w'hich o^illates on a horizontal 
axis To this axis is n^cd a piece fftn called an 
termiruitcd by two projections 
or pti//e^s^ which w^ork alterimtcly with the teeth of 
ihe s-iAry/ Jt. This wheel being acted 

Cm by the weight tends to move continuously, let us 
say, in the direction indicated by the arrow-bcEid. 
Now if the pemluluiti is at rest, the w heel is held at 
rest by the pallet m, and u iih ji the whole of the 
chKkwork and the weight. If, however, the pen^ 
dulum moves ,yid takes the position shown by the 
duti^ line, jw ii raked, the w^hcel frotn the 

confinement in w hich it was held by the pallet, the 
w eight descends, and causes the wheel to turn until 
Its motion is arrested by the other waUct a * which 
m conw^ence of the motion at ibe pcmluluoi wiil be brou^i into «nta« 
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with anothEt tooth of the esenpttnent whccL In this manner the dcstent of 
the wcii;hl \% alLcrnaiely permUHitt and arrested— or, in a word, rit^w/d ^ 
bv the Sndulum By meins of n prO|)er tmin of ,*hecUotk the motmn of 
die Js«%ment iscarnmnnicated to the hands-of the clock; andconsetiucmlj 

their moTion, also, is rejpihited by tlic pendulum. 

The pendulum has alsu been used for m^uniiff 
btock of wood weigbins from 3. to S is coated with iran; a^msl this 
L^Sfieincni, which is known as a a shot i» l.wd, and the 

inclasik bodies, and from iboM of the pendulum, the i-ttneiiy of the ball may 
be ciklcylatcd fiuin iht ainouni of thm tkflectiDn, 

The gun may also be fiuicned W a pendulum airjtngeincniand. « hen 
fi«d the reaaion causes an angular velocity, from which the pr«surc the 
^closed gases can be deduced, and thciefwm the mmal ixlociiy of the 

cause* Whien medtfj- the of ter«itrl«l Itravltatloii.— 

The intensity of the forctofEravliy—that is the value of^-is uot the s^it 
in all parts the eartlu It is modified by several causes of which the form 

of the earth and it* rotation arc the most important. - - .1. 

i. Tlie .iwtaction which the earth citcrts upon a body at its surface is the 
sum of the partial attractions which each part of the earth upon t uit 

body, and tite rcsutumi of all these attmctions may be coostdered to act froin 
a Slide poinh the centre. Hence, if the earth we« a perfect sphere, a given 
body w t^d be equally aiimcted at any of 'he ^b s surfaLe, The 

attmetioo would, however, vary with the height above the surface 
nheHttioTis of lcve:l the differences would be inappreciable j but for greater 
htlifhts and in ai:curatc mcasuremcata obscn'atioaS of the ™uc of ^ must 
he reduced to the sea level. The attraciion of gmvitalum being mverily 
a* the square of tire distance from the centre (6yj we shall haic 

If ljir,- 'i ' ~ ,'»'bere £ i* the value of the acceleration of gravity at 
the sea level, if* ^ 

from this, seeing that A is very small compared with R, aud that llu-fif ire 
its square in.'iy L Mglcctcd, we get by simple nlgebraicat traiisfomiiilion 

k 

Hut even at the sea level the force of griiviiy laHes in differoni fwrts_ m 
consequence of the forot of the earth. T he earth is not a true sphere hut 
an ellipsoid, the major axis of which Is ii, 754 . 7 ^ metres, and the nimor 
t2 713 160 metres. The distance, therefore, at the centre greater at 

the cquaior than at the Poles, and as the attraction on a b^y w mve^ y 
asTlm square of these dislances, calculation shows that the attrartwn due h 
this cau^c Uit.thgreater nt ihe Poles than at the equator This .* ohm 
would be liue ii; niber things being the same, the eanh were at rost. 

iL In consequence of the earth’s romtion, the force of gravity 
modified. If we imagine a body rehiiively at rest on the equator, it 
share* the earth’s rotation, and dcscnbes, in the cour« of one 
whose centre and radius are the cenirc and radius of the earth. No» smte 
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,1 bcAy m motion Hands b>' reason of \a inonhi to move in a slraiiihl ILne^ it 
foMovv^s tbnt io make it move in a circle* a force mtisi be ciitploycd at each 
mstaat la deflect it from the lartgCRl {53). Cnnie^juently, a ceriaia partUm 
of the earth's aitraciion must be cmploj^cd in keeping the above body on the 
surface of the earth, and only the remainder is sensible as or afftl/- 

nf/in^/pWr It appears from calculation that on the equator the part 
the earth’s attraction on any bcFdy is thus employed, so that the magnimde 
of at the equator Is less by the «l|th pan of wliat il would be w ere the eanh 


at rest* 

iiiH As die body goes nearer the l^oles the force of b and ie^s 

diminished by the fcffetrt of centrifugal furee. For in any givea latitude it 
will describe a drcle coinciding with the parallel of Litiiude in which it ts 
placed i but as the radii of these circIcs^ diminish, so 
does the cenlrlfugnl fonTe until the Pule, where the 
radius is null Further, on llie equator the centrifugal 
force is directly opposed to gmviiatJon j la any other 
latitude ouly a coenponent of the whale rorcc is thus 
empluyecL This is seen in figure 60, in w^hich PP'^ 
represents the asii of rolntiun of the earth and 
the equaled Ax any given point E on tlic eqtiatur the 
cenEirifugal force is directed along CE, md act* wholly 
in dlmuiishing the intensity of gravitation ; but on any 
other point, rf, nearer the Pule, the ccntnTugal force 
acting on a right line at right angles tn iht ftsis PP^ while gravity acts 
along tiCf gravity h no longer directly diminished by centnfy^n) force, but 
orily by its oampunent jrf, w hieh is less the nearer a la tu the Pole. 

The combined elTect of these two causcs^the tlatlenlng of tlic earth at 
the Poles, and the centrifugal force—is to make the attraction of gravitation 
at the equator less by about the part of its value at the Poles. 








-851 


CcbfsioH. 


69 


CHAPTER ML 
MOI.RCULAIl FORCES. 


84. iTRtar* Of Ti.oi*«a»r foro«.-The various phenomena which bodi« 
present show that their molecules are under the influence 
ftirces, one of which tends to bring them together, imd the other to wpamte 
themVm each other. The first torcc, which is called /na/Wrtf 
varies in one and the same body with the distance only. The second foree 
is due to the vis viva or moving force, which the molecules pos«*i It .s the 
mutual rtUtinn between these forces, the prepotiderancc of the one of the 
Ollier, which determines the molecular state of a body f4)—whether it be 

solid, liquid, or gaseous. , . ; . 

Molecular attraction is only exerted at infinitely small distances. Its effect 
is inanpreciabk when the distance between the molecules is apijreciable. 
According to the manner in which it is regarded, molecular attraction Is 

designated by the lernis, 0'', , , , 

Sc. cohesion. -CuAcjib/i is the force which unites ndj.'icent molecules nf 
the same nature ; for ex.impJe, two molecules of water, or two roolccuies of 
iron, Coheslnn is strongly exerted in solids, less strongly in liquids, and 
scarcely at all in gases. Its strength decreases as the temperature increaMS, 
because then the vis viva of the innieculcs iacreOsM. Hence it is that 
wfien solid bodies art healed they first liquefy, and art ultimately convortciii 
into the gaseous state, provided that heat produces in them no chcmtcal 

Cohesion varies not only with the njiture of bodies, but aUo with the 
arranj^Hnent of their molecules 3 for example, t he diflcretice between tempered 
and untempered steel is due to a diflertnee in the mulecular arrangement 
produced by tempering. Many of the properties nf bodies, such n^ tenacity, 
hardness, and ductility, arc due to the modincalions which this force under- 


Ill l.irgft masses rtf liquids, the forctof overcomes that of cohesion. 

H ence tiquiils ficted uptiiii hjr tine fnrmcr fb-rce have no spcctal shspo \ they’ 
take that of the vessel m which they ;ire molairiedL llm in amnller masses 
cohesion gets the upper luind, and tiquids present then the spheroidal fonu. 
This h $een in the drops of dew on the leaves of plants; it is also scert wJtca 
a liquid « placed on a solid which It does nnt moisten; as, for cjcample, 
mercury up^m wood The experiment may also be made u'tth water, by 
spnaklin^ upon die surface of the w<wd some light powder such as lycopodium 
or lampblack, and then dttipprng ioitie water on it. The foUowia^ 
ejqxrimcnt ts an illustration, of the force of cohesion causing a liquid to nssi^ 
the spheroidal fomu A saturated solution of sulphate of sine ts placed in a 




70 Grmjfiifi&it it fid Mif/nai/nr [ 6 S- 

namju-ntclsptl boltle^, and a few 6 rttp& af bisulphide of cairboti, cciiourcd with 
iodine, made to float tin the iurface. If pure water be now* carefiilly ndded+ 
so as to rest on the surface of the sulp^c of rinc solution the bisulphide 
collects m the form of a flattened spheroid, which pfescnls the oppeanmee 
of blown culoured j^lass, and is lar^rthan the neck of the bottle, provided 
a suflident quantity has been taken. 

The force of cohesinn of liquids may be nie-tstirtd as follow^ A plane, 
perfectly smooth disc d is suspended haiirtmtally to one Stale pan / of a deli¬ 
cate balance, and Is acrurately equipoised. A some¬ 
what Wide vessel of liquid is placed below^ and the 
position of the disc regulated by means of the slid^ 
ing sciew^ s until ti just I ouches the liquid^ Weights 
are then carefully added to the other scale pan until 
the disc is detached from the liquid. In this way it 
has been found lhat the weights required io detach 
the disc var>' with the nature of the liquid ; with 
a disc of I iS mm. in diatncier the numbera for 
water, alcohol, and turpentine were 59-4, 31, and 34 
granimes respccti^ fcly. 

The results were the same whether the disc 
w as of glass^ of copper, or of other metals, nind 
they thus only depend on tlie nature of the liquid, 
it Is a tnensure of the cohesion of the liquid, for a 
layer remains adhedni; to the disct hence the 
W'cight on the other side docs not separate the disc 
fnim the liquid^ but separaics the panicles 0/ liquid 
from each other. 

86. AfilDlty. — or c/irnirntf *i/- 

is the force w'hich is evened between mnk- 
rules not of the same kind. Thus, in winter, which 
is composed of oxj-gen and hydfy^en, h is afhuity 
which unites these elements, but it js cohesion 
which binds together twn molecules of water In 
impound bodies enhe^ionand affinirj-operate simuElaneausly, while in simple 
bodies or eletnenu cohesion has alone to be cunsidereil 

To nlhnity are due all the phenomena of combustion, and of chemcEral 
comhj nation and decomposition. 

^Lt causes which Tend to weaken cohesion are most fhvoumblc m aHinity ; 
for instance, the action of aflinily betweijn subsianexs is facilimtcd by their 
division, and still more by reducing thimi to a liquid or gaseous state. It is 
in^t pciwcrfully everted by a body in its mufiCftf state—that is, ibe stale in 
whjeh the body exists at the momrui li is disengaged from a compound ; the 
t*™:Iy IS then free, and ready 10 oljcy the feeblest affinity* An increase of 
temperature modifies affinity diffiercntly under difTerent circumstances. In 
^iTve c^ by diminishing cohesion, and increasing the distance between 
nc molEzeules, heat pramotes combination. Sulphur and ojiygcn, which ai 
ordinary- lempeFaiurc are without action on each other, combine to form 
sulphurous acid when the ternperature is raised : in other cases heal tends 
compounds by imparting m their cIcTnents an unequal expan- 
Hbiliiy. Thus a u that many ineujlic oKidcs, as for cKamplc thoa* of 
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silver and mercurj-, are decompoMtlp by ibc aclion of hfcitt into ^jas and 

67. A4bii*leii.— The molecular attraction cseited between the jwr/iiastyi 
bodies in contact is called 

L Adhesion takes place between solids. If two leaden bullets are tut 
with a penknife so as to form two equal and bri^jlnly polish^ surfciccs, and 
the twr.> facc^ are pressed and turned a^inst each olheip until tiicy are in the 
closest contact, they adhere so slronjjly as to require a force uf more than 
]oo gmmmcs to sepamte them. The same experiment may be made with 
two equal pieces of glass which are polished and made perfectly plane- 
When they are prcsiicd one against the otberp the adhesion is so powerful 
that they cannot be separated wnibout breaking^. As the capetitncnl succeeds 
I ft it cannot be due to attuospheric pressure, but must be attributed to 

a reciprocal action between the two surfaces. The attmetion aJso incieascs 
as the contact is prolonged, and is greater i n proportion as the contact is closer. 

In the opemTion of gluing the adhesion is complete, for the pores and 
crevices of the Fresh surfaces being filled with liquid glue, so that there is no 
empty space on drying, wood and glue form one compact whole. In some 
cases the adhesion of the cement is so powerful that the massi breaks more 
iradily al oihcr phices than at the cemented parts, 

Tliere ts no real dlfTerencc between adhesion and ceshesion ; thus, when 
two freshly cut surfaces of caoutchouc are pressed tiigciher, they adhere with 
ronsiilerablc force, and idtimalcly form ime compact solid mass. 

ii. Adhesion also lakes place between solids and liquids. If we dip a glass 
rod into water, on withdrawing it a drop w ill be found to collect at its lower 
extremity, and reinain suspended there- Aa the weight of the drop tends to 
dciach it, there mvist necessarily be 54>Tiie force superior tu this w^eight which 
maintains it there ; this force is the force of adhcimn. 

The adhesir>n between liquids and solids is more powerful than that be* 
tween solids, nnua, if in the above oxpOripnent a thin layer of uil is inier- 
posed betw“fion the plates they adhere firmly, hut when pulled asunder each 
plate is muistened by ihc oil, thus showing that in sepamting the plates the 
cfihe-smn of ilie plates is ovuronme, but not the adhesion of the oil to the 
metal Alcohol adheres mr^re firmly to glaas than water. A layer of water 
on a glass plate is displaced by a drop of alcohol brought rm it. 

lib The force of ^^dhesion operates, lAfitly, between solids and gases. 

If a glass or metal plate be immersed in water, babbits will be found to 
appear on the surface. As air cannot penetrate into the pores uF the plate, 
the bubble* could not arise from the air which had been expelled., Ji is- 
solely due to the Liyer uf air which covered ihf? plate, and ww/mc-/ ii like 
a liquid, Jn many cases when gases are separated in the f/nU 

on the surface of metaJs—as in elijctrolysjs—the Uy^^r of which covers 
the plate hjis suHsh a density that it can produce chemical actions more power¬ 
ful than those w hicli it can bring about In the free smit. 

The collection of dust on w'alls, WTitiug and drawing with chalks and 
pencil^ depend mi I he adhesion of solids. Yet thes* arc easily rubbed out, 
for the adhesion is only to die surface layer. In writing with ink, and in w aier- ^ 
colour painling, the liquid pcuctmtes into the pores, taking the *^olid with It 
which is left behind as the liquid evaporates, and hence the adhesion uf such 
writing and painting is mare complete. 
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chapter IV, 


PROPERTIES PECULIAR TO SOLIDS 



S8p 7afjeiii ■pecj 4 J After having dc^Hbed tlic princlpl 

properties cocninoti to solids, liquids, and i:?ises, we shall dkcuss the pfopcrcles 
peculiar to solids. They' arc, ffaj/idH/ a/ i/iistidfj ttas^ 

/it:i£jr (r/Jf£±-ur^^ A™a/j/, and Artr/ifitsjr, 

S9, siiiiticitp or tiwtlan.— Elasticity, as a KCncral property of matter, 
has been alrcndy Tne^t1on(^d (17), but simply in reference to the elaslicily 
developed by pressure ; in solids it may aijQ be called into play by tractian, 
by torsioii,, and by flexure. The deflnition^ there given require some CAten- 

sion. In ordinary' life we consider 
those bodies os highly elastic, 
which, like caoutchouc, undergo 
considerable change on the appli¬ 
cation of only a small force, Ycl 
the force of elasticity is greatest in 
many bodies, such as iron, whkh 
do not seem to be very clastic. Far 
hy /ffm of tiasiidiy ts understood 
the force with which the displaced 
particles tend to revert to their 
original position, and which force ii 
equisMient to that which h-as brought 
about the change^ Cuiisidered from 
this point of view, gases have the 
least force of cLostidty ; that of 
liquids is ETonsidcrably greater, and 
is, indeed, greater than th,it of many 
solids, Thui^ the force of elasticity 
of mercury is grenter than that uf 
caoutchouc, gLiss^ wood, and slone. 
It ia^ however, lest likan that of the 
other metal^ with the exception of 
lead. 

This .teems discordant with or- 
Fk-6a. dirniry ideas about elasticity; but 

, 1 ^ 1. t 1 znmt be rcmeinbcred that thiMO 

tmies which, by the exertiiin of a small force, undergo a considerable 
change, generally have *1** the property of undergoing this change without 
Ming the pupeny of reverting completely to ihejr original state. They 
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a wide /iW/ fi/^r/turifiiy :' 17). Those bodEes which ^e^^Mirt |:rtat Ibm 
lo effect a change .ire aJso, for ihe most part^, those on which the extortion 
r>f a force produces a permancnl aJieratton j when the force is no longer 
csicrted, they do not completely rtvert 10 their original slate. 

In order to study the laws of the elasticlly of traction, Sa\'art used the 
appamtuK represented in fig- 62^ It consists of a w'ooden support from 
wl^ich are suspended the rods or wires talecn for cxperlmctit. Ai the lower 
extremity there is a stale pan, and on the wire two poinls, A and B, are 
inarhed, the di§tance hetweeti which \i measured by means of the rn/Arf£?- 
wc/rr before the w eights are added. 

The tiUArfont/'/fr consists of a strong brass suppofE^ K+ di vided into mill i- 
metres, and which can be adjusted in a vertical posiitnqi by means of levelling 
screws and the plumb line, A small telescope, es^ittiy at right angles to the 
scale, can be movesd up and down^ and is provided with h 1 s'emier which 
measures fiftieths of a mlllimetref By hxing the telescope succtssively on 
the two points A and as represented in the fignrt, the distance between 
these points is obtained on the graduated scale. Placing ihen weights in 
the pan, and mcasuriag again the distance hum A tn B, the elongation is 
ubtained. 

By expcTiroents of chia kind it has been a-sccilained that for elasticity of 
traction or pressure— 

TAf a/Urit/t£?n ifl ms itt 

fa tA^ frKj^A ami fa fAt? fatal an /Af Imfy, ami if tnzfme/y as fAf frefiarr^ 

It depends, moreover, on the ffaffifiiY^ shat is^ on the material of 

the body. If this cocfiicienl be denoted b)' E, and if the lengthy scciiotii 
and load arc resiwaivcly designated by 4 i«^d P, then for the altemiion in 
length, e, we have 


If m the above exprcsshin She sectional area be a square millimetre^ and 
F be une kilogramine, then 

e- E4 fnam w^hich E - ^ 

which expresses by what fraction the length of a bar a iqiiare millimetre in 

section is altered by a load of a kllngTammc, Thii is called the 

fiitjfffifjr \ it is a very small fractiun, .ind It is therefore desirable to use its 

reciprocal, that is 1 or ^ as the medafas ^ s^/itsfuiYy ; or the wcighl in Idlo- 

gTTimmcs which applied to a bar w^kl elongate it by its own length, assum¬ 
ing it to be perfccEly clastic: Tills cannot be observ ed, for no tJody i* 
perfectly clastic^ but it may be calculated from any accurate obsers^tiuns 
by means of the above fnnnuhL 


The following are the best values for some ef the princs 
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Ttiiis, lo double the Jen|;th of a liiTnu^ht-irQn wiire a squ-arc millinaecre in 
section, would (if this were possible) require h1 wei^jlu of i^ooo kiEogramnies ; 
but a weight of 11 klEograinTncs producer a pennan ent alteration in lengib 
is fh^= lirnit of eJasticity, The weight wbiLh when applied 
in a bfxiy of the unit of section just briogs about an appreebble pemiancnl 
change is a measure of the limit of elasticity. XSTiaJebonc, on the eonlrary, 
has only a modulus of 7^ and experiences a permanent change by a weight 
of 5 Itiiogrammes ; its iStnit is, therefore^ relatively greater than that of iron. 
Steel has a high muduEus, along with a wide limit 

Both calculation and experiment show^ that when bodies art lengthened 
by tract ton their volume incr^sea, 

H hen wt;ight3 are ptaced on a bar^ the amount by which i t is shortened^ 
or the tffeffii-irn/0/iTiffifrairfwff, is equal to the elongation which it wtiiuld ex- 
pericnce if t he same w eights were suspended to ii, and i srepresEUted by the 
above numbers, 



The influence of temperature on the elasticity of trotii copper^ and brass 
was im esligated by Kohlirausch and Loomis, They found that the atleralion 
m [be coefficient of eLaistidty by heat h the saine as that which heat prtjduccs 
in the coefficient of expartsions and in the refractive pt^wert it is also much 
the £ame as die change in the pernunent magnetism, and in the apecibc heat, 
while It 14 less than the alteration in the conductivity for electricity^ 

’ ^ «f Tonlaiif -The Laws of the lur^Eon uf wires were deter- 

mmcti by^ Coulomb, by meant of an appanitu^ called the /pmm 

• fig; 61). It consists of a metal wire,^ clas|^Hsd 
at Its upjjcr extremity in a support. A, and 
holding at the other extremity a metal aphere^ 
B, to which is nihxed an mdex, C. Immedi¬ 
ately below this there is a graduated circle^ Clh 
If the needle is turned from its poslti-on of equi¬ 
librium through a certain angie+ which is the 
t^fors/iWf the force necessary to prcMcluce 
this effect is the /rw a/ f&rrtpff. When, after 
this deflection, ihe sphere is left to itself the 
reaction of torsion produces its effect, the wire 
untwists itself, and the sphere rotates about it# 
vcTiicaJ axis with incieasing nipidity unlit it 
reaches its position of cquilibiium. Ft does not, 
however, resi there ; in virtue of ks inertia it 
passes this position^ and the wire undergoes a 
ti^ion in the opposite directicpn. The equi¬ 
librium being^ again destroyed, the wire again 
tends to Untwist itself, the same aheniiiens are 
again produced, and the needle d^ocs not rest at 
^ Certain number ot 

osriiiaduns about this pomt have been completed. 

the amrflmdc of 

f,>llowm(f\wg* '* certain limits, the os[;illatiun5 are subject to thfl 

I- rAf Mfiffationi an Vny nearly itfschromus. 
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Elnstidty of Fiexure. 




I \. IW ihe -k-w, iAe afigi€ {f ii pF^^pirfimtd io mitmi ftt 

^ th:;/ojTi£ i&rtion, 

3 ! L H ^iA jrfw^/>n¥ &// 0 fr/m, rv/ra ^/ /Jk ^Irwii /c^r, 

if/it>rti&n tm pr^p&riuwai A? tAa UagiAi iAir W™, 

IV. TAe o/Zarjiifft upfi/kd fi^ %i4m i/ /Ai? 

pmgi^^ i/ftmrth fiawrs 0 / /A^ 
Miim^rfrrs. 

Wcrth^iTi has ejainined iht elasticity nf torsjnn in ilit case of slout umIh 
by meansi of a different apparatus^ and finds that it is also subject to these 
laws. He has further found that, all dimensions bcin^ the samcp different 
substances undergo decrees of torsion, and each substance has its 

OTA-n coefficient of torsion, which is denoted by A. 


The laws of torsion may be eminciaicd in the rormula w ** 4 - ^ ^ 

I 

which w is the anule of torsion, F the mutnent of the force of torsion, / Ehc 


length of the wire, r its diatneten ^ the specific torsioti-coelHcient 

91, masUelCT arHexoTv. -A solid, when CtLt into a [hln plate, and fisctl 
at one of its cstremitiesH after having been more or kss bent, strives to return 
lo its original position when left to itself This property is the elasticity of 
ficKurOp and is vcr>' distinct in steel, caoutchouc, wobd, apd |Kiper. 

If a rectangular bar AB be clamped at one end and laided at the other 
(figr 64), ihe dcxtire f is reptesenied by the formula 




where W is the load, / the length of the bar, S its breadth, A its thick-^ 
ness, and n the modulus of elasticity. 

The claslicEty of flexure is npi^lied in a vast variety of instances—ir>r 
exiunple, in bowsp watch springs, carriage springs ; in spring bit lances it is 
used lodeicmunc weights, 
in dynamometers to dc- 
lennine the force of agents 
in prime movers ; and, as 
existing in wtwl, hair, and 
feathers, it Is applied to 
domestic uses in cushions 
and mattresses^ 

Whatever be the kind 
of elasticity^ there is^, as 
has been iilready ^td, a 
limit to j[—that ia, there 
is a molecular displace¬ 
ment, beyond which 
bodies are broken, or at 
iuiy rate do not regain their primitive form. This limit is affected by 
Various causes^ The elasticity of many metaU is Increased by 
whether by cold, by means of the draw-plate, by rolling, or by hammering. 
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Sonie sul»tnnt:e!iit such as artel, cast Imn, and gSasa, become both harder 
and more elastic by ictnptirinff ( 91 ]- 

ELiittdty+ nmbe Dihcr hand, is diininishtrf by which consisu 

in raising the body to a lemperaturc kmer thirn thal ntcessary for tempering, 
and aSlowing tl to cool slowly. It la by this nieani that the ehsiicity of 
springs may be regulated at pleasure, GlasSi when it 1$ heatedt undergoes 
a true tempering in being mpidly cnottdp and hence, in order to lessen the 
fragility of glass objects, they are reheatttl in a furnace, and are carefully 
allow'ed to coot stow ly, so that the particles haie lime to assume their most 
stable postiiim (95). 

91, TeDueltT» —is the rcsislance which a body opposes to the 
total sep^iiation of its puts. According lo ihe manner in whi ch the external 
force acts, we may hai-e various kinds of tenaciiy : in the ardinary 

sense, or leslstante to trackion^r rg/a/hv tenaciiy, or resistance to fracture; 
^n/jT/rtY lcnaciiy+ or resismnee lo crushing; lenaciiy^ or resistance 

{o clisplacemcnl of panicles in a lateral direction ; and /ursjimtMf tenacity^ or 
resistance to iwisting. Ordinary tenacity is determined in different bodies 
by forming them into q-lindrical or prismaiic- wire$, and ascertaiuing the 
weight necessiiry lo break therru 

Mere Increase in length does ncU influence khe breaking weighty for the 
weij^ht acts in the diteclion of the lengthy and stretches all parts as if it had 
been directly applied to them. 

Tg’Jiarftf /J io fjmf imvrsA/ 

a I'mflrTvw gy/ tk^ 

Tenaciiy diminishes with the duralion of the traction. A smalt force 
cootitiuDusly applied for a long time will often break a wire,which would not 
at once be brcikcn by a larger weight, 

Nor only does tenacity v^ry n ith differetti substance!;, but it al&o varies 
with the form of the htxly. Thus, with the aauie sectional area, a cy lindcT 
has greater le nacit)^ than a pmni. Tlie quankity of matter being the same, 
a hollow^ cylinder has greater tenacity than a solid one; and (he tenacity rif 
this hollow o‘linder h greatest w'hcn the external radius is to iht internal 
one in the ratio of 1 1 tc ^ 

The shape hai Mso the same influence on the resistance to cnisbing as 
it has on the resistance to traction. A hollow cylinder with the same mass, 
and the same weight, offers a greater resistance than a solid cylinder. Thus 
it is that the bones of animals, the feathers^ of bird% the stems of com and 
iither plants, offer greater resisLmce than if they were snhd, the mas* re- 
imining the same. 

Tenacity, like elasticity, is different m different directions in bodies. In 
wood, for example, both the tenacity and the elasticity are gjumer in the 
dirertlon of the fibre* than in 3 transverse direction. And this difference 
obtains in general in all bodies, the texture of which is not the same in all 
direciinn's 

Wires by being worked acquire greater tenacity nn the surface, and 
have therefore a higher coeffictenl, than even somewhat thicker rods of 
ihe ^me iiiateilaL A slrand of wires is stronger than a rod of the some 
section. 

VVertheim found the following numbers representing the weight in kilo- 
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fpr the l™it af elastkUy and iut the tenacity of l -nm. Sn 

table shows that of all metids cast st«) has the g«at«l 
Vet it k exceeded by fibres of unspun silk, a thread of which i square niilh- 
metro in section can cany a toad of 500 kilogiammet. 

can support a weight of too to 300 firtunmes 1 that is, aiiUions of times their 

uft-rt weight. 


Umk of EhAfia-iiy. 

Kiljpurammo. 


Lead. 

Tin . 
tlold * 
Silver 
Zittc . 
Copper 
PliiiiTiuTn 
Irtsrk . 
Steel. 
Cast Steel 
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' 1 annealed 
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, 42 5 





annealed 
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1 

drawn 

. 55^5 




1 * 
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TesacLt^. 
Kil£JtriiHSin«fc 
3^7 

[So 

^■45 

170 
27x30 

SOXJ® 
29VXF 
l6tK 
I2 ^Eo 

4 f>lP 
Jt>’S 4 
34 to 
2350 
6rio 

46 as 
70W 
40x30 
3 oXX 3 
^i' 7 S 
rvnry tijnipemlurq. 
e^ln iTiade 


In this tabk die bodie* are supposed to be nt the ore 
At higher lempcralures the tenaeity mpidly clecrcases* S 
eicpcrimenis on thk point with iron and topper^ n,nd obtained the fciltowing 
values for the icnaclty^ in Idlngrammcs, of intllimrt^ wire at diflfcrent tern- 


peraiures 

Ifflu , . at 10“ 60: at S 4 : 5 ™^i 37 3 

Copper * i ,,,21; ^ 77 i w 

siaotiiity .— h the propeny in virtue nf whkh a gn^^t 
number of bodies chsuij*e their fiiniw by the action of tfactinn or pressu re. 
With cemin bodits, such as ctayi wax, the applictidan of a very 
little force h sufficient to produce a change ; with others, such as the resins 
and glass, the aid of hcai is needed, while with the metalfi mon powerful 
agents must be used, such as percussion, the draw-plaice or the rolling-mil!. 

.l/Wfcflix/i// ifitbai mtidiflcaiion of ductility wnich is exhibited by bani^ 
mcring. ITic most malleable mccal is gol*^. 

|cai*cs about the is^&tb of an. inch thick, . j ^ - 

The most diicdie metal is platinum. Wollaston olrtained a wire of 
oxoxij of an inch In diameter. he effected by coveritig with silver a 

platinum wire oms of an inch in diameter, so as lo obtain a c^'lindef ca inch 
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in dbuiictcr mfyy tbc aids nf which wns nf platinum. This was ihen drawn 
out in the form of as fine as pnesibk t the twn meLali were equally' cji- 
Eended. \\'Ticn this wire was afterwards boiled with dilutje nitric acid the 
silver was dissoh'ed, and the platinum wire left intact. The wire w'asso hnc 
that a mile of it w ould havo only w eighed 115 of a grain. 

BardDfiift. //f/r/«w 15 the resistance which bodies olFer to being 
scraiched or wom by others, U is only a relative property^ fora bcKjy whkh 
is hard in reference to one body may he soft In reference to others. The re¬ 
lative hardness of two bodies is oscerEaltted by trying which of them will 
scr.iteh the other. Diamond i$ the hardest of all b^ies^ for h scra.ichcs oH, 
and is not scratched by any. The hardness of n body b expressed by re- 
ferrit^ it to a satU &/Aanfffm : that usually adopted is— 


I- Talc 


5. Apatite 

6. rels|iar 
y. Qiiam 


fl . Topaz 
9l Corundum 
lOL Diamond 


2 . kock salt 
j. Calcspar 
4. Fluorspar 


'riius, the hardness nf a body which wnnld scratch felspar, but would be 
semEched by quanz, wmuld be expressed by the nuinbtr6^g. 

The pure metals are softer than their alloys. H^ence it is that, for jewel- 
IciTi' and coinage, gold and silver are alloyed with copper to increase their 
hardness. 

The hardness nf n Iwdy has no relation tu its resistance tn compression. 
Ginas and diamond are ntuch harder than wood, but the fatter offers far 
greater mistance to the blow of a hammer. Hard bodies are fiftcn used 
for polishing pow-der5 ; for eminplcr emcryj pumice^ and tripolu Diamond 
being the hiirde&t of all bodies, can only be ground by means of its own 
p>wder. 

A body which moves with great velocity can cut into bodies which art 
ti.Lrder tluiJi itself, Thus a disc of wrought iron rotating with a velociiy 
uf 11 metres in a second w-45 cut by a steel graver j while w hen it rotated 
w ith a Velocity of 20 metres^ the edge of the disc could cut the graver, and 
W3Eh a velocity of 50 to iot> metres, it could even cul Into agate and quarti; 

95. Teinp«r,^Hy iuddcn cooling after they have been raised to a high 
lemperatute, many hodira acquire great hardness. This operation is called 
All cutting inslrtunents are made of tempered steel. There arc, 
however, aornc few-bodies upon which tempering pmduccs quite a cnntniry 
cHKt, An alloy of one part of tin and four pms of copper^ called 

15 ductile and malleable when rapidly conlcdt but hard and briiile as 
glass when cooled sdowly. 
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BOOK III. 

ON LIQUIDS. 


CHAPTER I. 

H YDk!>ST.\TlCS. 

Object of drortitl*!*- —"'TJi G" stifitict of tifcalLs of thE 

condidons of Lhe equslibrimn of liquid^ and of fhc ptemoies tho^' estErt, 
whEihtr witbiti thEir oftn mass or on ihc sides of the vessels in whicb they 

art contained, .- i 

Hie science which treats nf the motion of liquids it hnfre^ynamicty ^ii^ 
the appUcatloii of the principles of this science to candutttng and raising 
water in pipes is known by the name of hydrauiia^ 

97. ebncAateri of ll^iiJdi.— h hat been already siJEti (4) that 

liquids are bodies whose moleoiks are displaced by the sEif^htest force, 
Thesr duidityt however, is not perfect ; their particles always adhere slightly 
to each othetp and when a thread of liquid moves, it attempts to drag the 
adjacent stationary paniclts with it, and con^^ersely Is held back by them. 
This property is called vis^&siiy. 

Gasqs also pnsscss diildity, but in a higher degree than liquids. The 
diatinetion between the two forms of matter is that liquids are almost inenm- 
pressible and arc comparaijvely inexpansible, while gases are eminently 
compressible and espand spontaneously. 

The fluidity of liquids is seen in the readiness with which they take ail 
sons uf shaped Their cntiipresstbtlity is established by the fnlluwing expe- 

ntnenL , 

0®. cotflpreisibliitTfff u^da.—From the expenment of the Horentine 
Academicians (ij), liquids were for a long lime regarded as being completely 
tncompresiiible. Since then, researches have been made on this subject by 
various physicists, which have fhown that liquid* are rally ctimpresalblfe 
The appatatus used for measuring the compressibility of liquids has been 
named the 1 compress^ iirrpoi-, measure). That shown in 

fig. 65 cuosists of a strong glass cylinder, with very thick sides^ and an 
internal diameter of about y\ inches. The base of (he cyllndeT « drmlijr^ 
cemented Into a wooden foirt, and on its upper part is htted a me^bc eylin+ 
der closed by a cap which can be unscrewed- In this cap there tt a mnnet, 




So 
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k, for mtfoducing wal-er mto the cylinder, and a ^rrmll banrc] hermcticaJly 
ekncd by .1 piUita, which is moved by a smw, p. 

In the jjiaSde of the apparatus tliere h a glass vessel. A, containing the 
hquid to be cnrapresscd. The upper part of this vessel Terminates in a 
capillary tube, which dips under njemir)-, O. This tube has been previously 
divided mio parts of equal capacity, and h has been determined how many 
of these part9 the vessel A contains. The latter is ascertained by hnding the 
weight, P, of (he mercu^ which the reservoir, 
A, containsp and the weight, /, of the mercury^ 
contained in a certain number of divisions, ti, of 
the capillary lube. If N be the number of 
divisions of ihc small tube enniained in the 

whole reservoir, we have ^ -1’, from which ihe 
n jf 

lvalue of N is obEatned. There Is further a 
This is a glass tube, li, containing 
nirp closed at one end, and the other end of 
which dips under mercury% When there is nu 
pn^ure on the water in the cy'linder, the tube 
B IS coTnpleieEy fu|] of air; but when the water 
within the cylinder is compressed by means of 
Uic screw the pressure is transmitted Eo Ehc 
mercury^ which rises in the tube, cottijitessing 
the air which it comains, A graduated scale 
futed tin the side of Llac tube show s the reduction 
of volume, and this reduction of v’olume indicates 
the pressure exerted on the liquid in the cylin¬ 
der, as will be seen in speaking of Llie mano¬ 
meter 1177). 

iri making the experiment, the vessel A is 
dllfxl with the Jiquid to be compressed, and the 
end dipped under the mercury'. By means of 
the funnel R the cylinder is entirely filletl with 
waler. 'Hie screw F being then lumedi the 
piston moves downwards, and the pressure tKcrted upon the water is trans¬ 
mitted Eothcnicrcuiy and the air; in consequence of which the mercury 
nses m the tube B, and also in the capillary tube. l"he ascent of mercury 
m the capillary tube shows thol the liquid in the vessel A has dimfntfihed in 
volume, and givi;s the amount of its compression, for the capacity of the 
whole vcBsel A in lenna of the graduated divisions on ihc capillary^ tube has 
been previously determined. 

Iti hts hrst experiments, Oersted assumed that lh^^ capacity of the vessel 
A remmned the s^e, its sides being compressed both internally and cxiur 
nally by the liquid. But mathematical analysis proves that this capacity 
diminishes in consequence of the cxicmaJ and iniemal pnissures, Lolbidon 
espenments allowing for ihts change of capacity, 
^nd have found that for a pressure equoJ to that of the asmosphere, mercury 
^ coTnprtssion of oi3oqoo 5 parts of its original vol ume, w ater a 
prcssion of o-ooooj, and ether x compressioa of o^nooijj parts of its 
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nrJitinal btilk Tbe coTTipressibllity df aca lA^tcr It only aboul 0^0^44; 3 S 
not m.il€riaUy dtiuttr even at ffreal depths; thus at die depth of a mtlc iH 
densiiv would oply be abocii ^yh the greater. The enToprcsatbihly ts 
ihe higher the oiiglnal tem^ratiin;; thus ihat of ether at 14 ts one fourth 

uriater than its comprcssiMlsty at ^ „ 

For t£w/rr iiu^/ it wMS also found that within certain Innita trie 

•clccrease of vnltnoc 15 prupOftioTtal to the prcssurcL . j. 

Wliatever be the pressure to which a liquid has been subjected, espen- 
ment shows that as soon as the pressure Is removed the bquid repi^s its 
original volumcit frfjnt which il is concluded that 

99. of pirvioneoii- ffimcfti'o —By consideririg liquids as 

perfectly duidt and assuming them tn be uninfluenfred by ihc action of gravity ^ 
the following law^ has been eslablishedr I t is often called PascaJ'^a biw, for 
it was first enunciated by hi mu 

Ptvssffrj? tr JwnJJ Hgu/d h /ftwjvfm/fczf tf/nii- 

frtinhA^d ffi ff// aMd^/s wM Mjt atmfjbm ofj satfacfs^ 

iiftd jW <r dtrcfh'i^n rf/ /ft /Aftrc 

To get a clearer idea of the truth of this principle, let ns conceive a vessel 
of any given furni in the side* of w*hkh arc placed various cylindtical aper¬ 
tures, nil of the sainc siit^ and closed by mnvnble 
pistons. Let u.% further, imagine this vessel so he 
filled with liquid and unafiecied by the action of 
gravity ; the pistons wilE, obvinudy, have no ten¬ 
dency to ttiove. If now upon the piston A (fig> 
fi6>, which has a surface a weight tif P pounds 
be placed, it will be pressed inwards, and ihe 
pre^ure will be tTansinitlcd to the iotemaJ faces 
of each of the pistons, 1>, and K, whi ch will 
each be fnreed outwards by a pressure P, their 
surfaces being equal to that of the first piston. 

Since each of the pistons undergoes a pressure P+ 
rqual to that on A, let us suppose two fif the pis¬ 
tons United ID as 10 constitute a surface it will ha\'e to support a pres¬ 
sure aP* Slmilarljv if the pistun were equal to it would experience a 
pressure of jP ; and if iLs area 
were loo or j^ood times that of 
ih it would sustain a pressure of 
loo or t.cjoo times 1\ In other 
words, the pressure on any part 
of the inEcrnal walls of the 
vessel would be pmporlianal to 
the surface. 

The principle of the rquality 
of pressure is assumed as a 
consequence of the constltulion 
of fluids. By the following ex¬ 
periment It can be shown that pTessure is transmitted in all diiectionsi^ 
although it cannot be showm that it ii equally iransmittcil A cylinder 
provided with a piston is fitted into a hollow sphere (fig; 67)r which 
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^lindricnl jets are plated perpeadltakr la iLe aldts* Ttie sphere 
and the cylinder being bwh filled with watcr^ '^htn ihc piston Is nici^ed 
the liquid spouts ffuth from nil the ohliceSr merely froni that wba-cli 

\fi opposite to The pblon^ 

l^c why a Mtisrattor>^ qiaanlilalivc Cscpenmentak demonstration 

iif the pnndpk of the equal tty of pressure can not l>e given ts^ that the 
influence of the weight nf the liquid and of the friction of the pistons cannot 
be ehminated. 

Vet an approximate vertfieziiion may bo cfTccced by the eKperiment 
represented in fig, 63, Two cy linders of dilTerent diamoiers :iTe jomcd by a 
tulre and filled with water On the surface of ibe liquid arc two pistons P 
and fi, which hcntteiicoJIy close the cylltwiet?^ but move w'kihout friction. 



Ijjt the area of the large piston be, for 
instance, thirty tiines that of the 
smaller one. Tlim being assumed, let 
a w-eight^ say of two pounds^ be placed 
upon the small piston; this presstirt- 
m\\ be transmitted to the winter nnd 
Id the large piston^ nind as this pres¬ 
sure amnunts lo two pounds o/r 
jkirihf} of iti surftu^t a^uni /o ef 
piu gy jwit// the laige piston must 

, . , be e^pds^ to an upward pre&sure 

miy nm« as itiuch^ or of sisty pounds. If now' this weight be placed 
u|Hjn the large pision, both will remain in equilibrium : but if the weight is 
greaicror less, this is no longer the Case, If S and j arc the areas i>f the 
largo ^d_small piston respectively, and P and f llie corresponding loads, 
Ellen, . - - j whence P - 

/ / j 

** obsciwe that in spenlking of the transmission of prC4- 

containing vessel, these pressures must xdways be 
supposed to he perpendicular tn the sides ; for any oblique pressure mav be 
nKomposed into two others, one at right angles to the side, and the oEhcr 
acting ^rallcl w ith tht side ; but as the latter has no action oP the side, the 
perpendicular pressure is the only one to be considered. 


iJtfssuitE pRODLCf:r> IS^ uQiim GgAVirv, 

T« downward pret.i,™- tt, -Any giien liquid being 

" f r ^ ^ suppose it (o be divided Into horironlai 

la>ere of the same density. Et mident that each layer snppoits the weight 

nLw iu the 

l'i te the 

III. Tkfprtnurti, th<^^tfu Ay.^^. 
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The firsi iwo la«^ aic icIf-cT-idcnt, ihc ihird ncccsiaifLly follows from 
the firsE jind from pMcars pnncipic. 

Mtycr hiis foynd, by dimi fixpcnnicnts* that pressures are transiruticd 
chromjh SjquLda i:ontaincd in tubes, wH-th the^amt velocity as that with which 
i^uad travels ujider the saitie circumstances. 

toth ’vertioftl upwfcTfl pro*»ttr#p— Tlie pressure which the upper layers 
of a liquid exert on the lower layers tmu^es them to esert an equal rtaetion 
in an upw^ard diructioiit a necessary ctm^ucncc &f the prircipk uf irans- 
inissiun of pressure in all directions. ’Fhis upward pressure is termed the 
liquids; It is very' sensible when the hand is plunged into a 
liquid^ more cspccuilly one of great density, lilcc met^iy‘. 

The folk wing experiment ffig. 69) senes to exhibit the upward pressure 
nf liquids, A large open glass tube A, one end of whicb is ground, is fitted 
with a ground-glass disc, O,, or still belter with a 
thin card or piece of mica^ the weight of which may 
be neglected. To the disc is fitted a stringy C, by 
which it can be held agaiosi the btutom of the tube. 

The whole is then immersed in Mater, and now the 
diBC docs not falL although no longer held by the 
string; it is consequently kept En its position by 
the upward pressure rf the water. If wTiter be now 
slowly pour^ into the lubi:* the disc will only sinh 
M'hen the height of the wTitcr inside the tube is equal 
to the height outside. It follows thence that the 
upw'ard pressure on the disc is equal to the pressure 
of a colmrm of M’aicr, the base of which is the in¬ 
ternal section of the tube A, and the height the 
distance from the disc to the upper surface of the 
liquid. Hence the lifin’anl fir^ssitr^ h'gm'iis a/o/iy it fy 
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pressure exerted by a liquid, in virtue of its weight, on any p4iinioo of the 
liquidp or on the sides of the vessel in which it it cnniained^ depends on [he 
dcptli and density of the liquid, but is if/ /At </ Me WjW 

amt a/ tka t/ Mr i/fifid. 

This principle, which follows from the kw of the equality of pressure, 
may be experimentally demonstrated by many forms of apparatus. The 
folk wing is the one most frequently used, and is due to HaJdat. It cun^iiitts 
i]fa bent tube* .ABC ffig. J^oJ^ at uncciid of whidiiK ii fitted a stop-cock, in 
which can l>c Btrew^cd two vessels, M and P, of the same height, but difTcrent 
in shape and c-ifKicity, iht fir^c being conical, and the other nearly cj'lin- 
drical .Mercury is poured into the tubcn ABC^ unlil its level nearly 
reaches A. The vessel M k then screwed on and filled with water. The 
prcsiure of the water arling on the mercun' catises it to rise in the tube 
C, and its herighE may be marked by meaas of a little collar, a, which slides 
up and di>M-n the tube. The level of the wTiier in M is also marked by means 
nf the movable rod a. When thii is done, M li emptied by means of the h 
B top-cock, unscrewed, and replaced by P- When w^ater is now poured in 
this, the mercury^, which had resumed its original level in the lube ABC, 
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itiiain riles In Q *ind when ih^ in P has the some height ;u it had in 
which is imlicnted by the md the niercur)' will have ri»ii to [he 
height it had befofe^ which la inarked by the coUar 4t. Hence Ehc pressure 
an the meicury in iMjth cajits is the siulie. This pressure is therefore inde¬ 
pendent cf the shape of ihc vessels, and, conscquetillyT also of iJie quansity 



fir- 

of liquid. The base of ihc Vessel is obviously the aame in bath cases j it is 
the itirface of the itiercury in the interii>r of the tube A. 

Another mode of demonstrating this principle is by iiiean^ of an appaoius 
evispd by Mas&oa, Jn this (fig. yr) the pressure of the nntcr contaiticd in 
^4 ij^***^* eKcrted upon the column of mercury^ as in that of 

Haldat, but on a sTnnIl disc or stop which closes a tnbulure on which is 
screwM the vessel M„ The disc is not h^ced to the tubulurCt but is sustained 
by41 thread attarhed to the end of a scale-beam. Al the other end Is a pan 
iti which weights can be placed until shey counterbiilatice the pi^sure 
I '^ternn the stop. The vessel being emptied is unscre wed, 

and replaced by the namw tube O. This being filled io the same height 
e large vessel^ which is observed by means of the mark it wnll be 
otecr^ tMt to keep the disc in its place just the same weight must be 

1 ! ^ therefore, to the same contloskm 

as uoes H^dat i csperimeiiL The same result is oblaincfl if instead nf the 
venical lube P, the ohkque tube Q be screwed to the lubuJure, 

n of these principles it will bo readily seen that a 

f> s quantity of w'atcr can produce coostderahle pressures. Let tis 

cxampIc-^fiUed wdih w^ater and with a long 
n ^ ^ ''^**^*' *5 (wured Into the inbcp 

f ^ pre^ure on the botiam of the cask equal m the weight of ft 
column of water whore base is ihe bottom itreH and whose height is equal 
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to that of the water in the tube. The pressure may be made ^ ^ 

please j by means of a narrow thread of water forty feet high, Pascal 
Lcedcd In bursting a very solidly constnictcd cask. 

The toy known as the depends nn the same pnncip ^ 

and wc shall shortly see a most imporunt application of It m the hydmulic 


press. 


From the principle just laid douTt, die pressures prodneed as the bottom 
nf the sea may be calculated. It uill be presently demonstrated that the 
pressure of the atmosphere is equal to that of a column sei water about 



thirty-three feet high. At sea the lead has frequently descended to a depth 
of tbirtten thousand feett at the bottom of some seas^ therefore^ there must 
be a pressure of four hundred ntmcispheres. 

VnHiiTe on ttio oidoi of Tanuilii#^— ^ince the pressure caused by 
gravity i n the mass of a liquid Is irarLsinitted in every direcilMi, according to 
the general law of the transmission of fluid pressure, it follows that at every 
p<iinl of the side of any vessel a pressure is exerted^ at right angles to the 
side^ which we will suppose to be plant. The resultant of all these 
pressures ts ihc total pressure on the sides. Hut since these pressu^ in¬ 
crease in proportion to the depths and also in proportion lo the hodionlal 
estent of their side, their resullanl can only be oblaincd by ralcuiatlun, 
which shows that ihc lolal pressure on any given portion of the if 
Me weight 0/a iotumn of wkkh hof this fiprtitm 0/ the siekj^ifs 

Au/p aftiinrhese heigh/is ihe ver/feeti iHstimcc freifi /he ceftfre fi/gnn*i(yo/ 
Me por/ion /o the rii'j^^ee fl/^ the /I^tffd^ 1 f the side of a vessel is a cun'ed 
surface the same rule gives the pressure on the surface, but the total pres¬ 
sure is no longer the lesuliant of the fluid pressures, « 

The point in the side supposed plane, at which the resulfant nf aJI the 
pressure i» applied, is called the eeftiff ^firessute^ and is always below me 
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centrt of grarily of the side. KtJr if the pressures excrlecl at difTereo t pans 
of the pbne side were equal, the paint of application of ihcir resulLuirihe 
centre of pressure would obviously coinddc with the centre of^vfty of the 
side. But since the ptessurc increases with the depth, the centre of pressure 
IS iucessan|y below the centre of This point is dclcmtined bi' cal- 

cuJAtLon which Ic^idsi to xhc followinj^ results 

i. With a reccanipdar side whose upper edge is level with the ivaler, the 
™trt of pMHiirc h at two-tliirds of the line which joins ihu middlr of the 
honzantaiJ ^idcs metistiricd from the top, 

li Uitb a trian^utar aide whckse base is hortzoniah and coincident with 
the kvel of the water, the centre of pressure is at the middle of the line 
which joins the venot of the triangle with the middle of the base. 

111 . With a trianjjular side whose vertex is level with the water, the centre 
of [iressure is in the line joining the vertex and the middle of the base, and 
at tliree-founhs of the distance af the latter from the reneic 

.c if "*' **^*™*“*** have already seen that the pressure On 

the bottom of a ^^sel depends neither on the frirm of the vessel nor on the 
quantity of the liquid, but simply on the height of the liquid above the 
bottom. Rut the pressure thus exerted must not be confounded with the 
pi^sure which the t^el itself exerts on the body which supports it. The 
latter IS always equal to the combined wcighi of the liquid and the vessel In 
which ti 15 contamed, while the former may be cither sm.vllcr or greater than 
his weight according m the form uf the vessel. This fact is often termed 
XhcAp/rviAi/ii^/^nt^ar, because at drat sight it apjicars paradoxical. 

__ composed of two cylindricnl parts of unequal dia¬ 
meters, and dlled with water to a. Prem what has been said before, the 
wtem tjf the CD supp<)rt*i ihc same pres^uK 

as tf ita diaTTicier were tver^^whefc the same ^ [fiat 
eif it* lowtr part ^ imd it inrfiuld at first aiglit that 
Uic licalc MN »f the tiahnce, In which Ehc vessel CD 
^ pLaci!{f^ >au|^ht to show the aame weight as if there 
had been placed In it a c>Jjndrical vessel having die 
same height of water, and having the diamciz^r nf the 
l^rt D. But the pressure exerted on the bottom of 
the vessel is not all transmitted to the scale MN j for 
h pressure upon the surface m of the vessel 

IS pjrtciselj equal to the weight of the /xMr quantity of 
'I which a cylindrical vessel would ciinlainp and 

_ balances an equal portion of the pressure 

FI£. jj. on w C:cin5equently, the prtss^ur nn the plale M N is 

water which i, contains"””'’ ^ 

coMtmoss OF THE Ei^tfii.ituriuu or Liouins. 

may ’‘'*^'i'‘ V* order that a liquid 

Arllowihg conditioiis *"1'fomi, it must satisfy rhe two 

/orL ^^A,t7t7JT ^ to tk< rfsulhmt of tho 

jortts -siAiiA Mt OA the imitfuUs o/ tAs liquid. 
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ir. Evtry mpJtiuU of th* mass 0/ tht Uqttid mutt ^ sub/tct ifi evety 

/a unJ prii^tut^efy 

The sceand condition la ident; for it in nvo upposite directions, 

ihe [yrtssures eserted un any gi^Tsn niolecuie not c<|tial ±ind contrar^v 
the molcciule wnuld. be moved in the direciion of the yraier pressure, and 
then: uonld be no equitibrirnn- Tims the second condition follow from the 
principle of the cqiiaiily of pressure, and froin ihe reaction ti-htcli nil pre^- 
aiire causci on the ma£S of liquids^. 

To proi-e xhe first condition, ]t;i us suppose that w/ is the resultant of all 
the forces acting up^m any molecule m on the surface 73.1, and that this 
surface is tneiined In Tefenrnce 10 the force 
The latter can eon-sequcntly be decompoBod into 
two furtres, mf and the one perpendkutar to 
the surface of the liquid and the other to the 
directLijn wpt Now the first forccp would be 
destroyed hy the resistance of the liquid, white 
the second woutd move the molecule in the direc- 
tion ffi/^ w-hirh ihows that the equilibrium is impossible. 

If ijravlty be the force acting on the liquid, the dlrcaion iHp is vertical ; 
hcnccr if the liquid Is contained in a basin or vessel of small cittent, the sur¬ 
face ought to be plane and hnriroutal (6SX because then the direetton of 
gravity \a Kht same in even- point. Hut the case isditTefenl with liquid sur- 
faercs of j^reater extcnlp like the ticean. The surface will be perpendicular to 
the direction of grat sty: bui as this changes from one ptuni to another^ 
and nitvays tends towards a point ne-^r tJjc centre of the earth, it friliow^j that 
the direction of the surfiftcc nf the ocean will change al^i\ and assume a 
nearly spherical form^ 




' 106 . E^olllbrliua Of tJie 4 Axn« Uqald In m^wrml cemmnn I eBlln r 
—When several vessels of any given form comtnitnicate with each 
other, there will be equilibrium when the liquid iis. each vessel salisfiee the 
two preceding Conditions (10^)1 and 
further, rAif sur/u^s e/ thi //- 

in tifi ihi 4tt£ in /At 

At^risi^nini pMmry 

In the vessels .\HCD (fig. 741, 
which communicate with each other, 
kt Its consider any transverse section 
of the tube mn \ tine liquid can unly 
remain in equilibrium as lung ns The 
prcssuircs which this section supports 
ircjin m in the direction of and from 
R in the tiireciion of are equal and 
nppi»shc+ Now- it has been already 
proved that these pressures are respec¬ 
tively equal to the w-eight of a column 
of watery whose base Is the supposed 
section, and Hvhosc height Is the distance from the Centre of gravity of this 
section to the surface of the liquid, if we conceive, then, a horizontal plane, 
jw/ij drawn through the centre of gravity of this section^ h wiil be seen that 
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there will only be ei^uitibnuin as lonjj as the height of the liquid abow ihh 
plane b the s^inc in each vessel^ w-hsch demonstmes the principle enunciaiefL 
SfluilibrJnm off eupe^ikOied llqaiiUp [n order that there ^auld 
be equilibnum w^hen Mvcral hctcrogetieous liquids arc superptiscd in the 
SH^^le vessel, each of ihcm must satisfy the conditions necessary for n single 
liquid (rojJj and funhei:, ^ 

arraH^.yf m ^ dfcmmttg /rpm /Af 

'rhe Last condition is esperimcnlaJly dcmoristraicij by means o{ih^/Atii/ 
r jf/fwff/j. This eonsbtii of a long narrow^ boirle cooLaining meicuiyv 
wfticf saturated with EajbonaJc of alcohol coloured red, and petroieum. 

Wlten the phtal is shaken the liquids Tn^s^ but when it b allowed to rest they 
5C|Kiratej the mcrcuii'sinks to the boteotn^then comes the water, then the 
pikohol, and then the peLroleutic 1 hb is the order of the decre,Tsing densi¬ 
ties of the bodies. Tlie W'ater Is saturated with Ciirbotiate of potass to pre¬ 
vent IIS EoLidng with the alcohol. 



This se^mtion of the liquids is due to the same cause as that which 
enables ^Ud bodies to final on the surface of a liquid of greater density 
than their owrL Ji is also on this account thai fresh water, at the mouths 
of rivers, floats fora bng time on the denser salt waiernf the sea ; and it is 
fnr the same reason that cream, which is lighter than milk, rises to the surface- 
loS. ^qmil-brluiD Of- two dlgT^reaC liquid^ in eDowonlcWliHr 
U hen two liquids of dilTerent densities, which do n-H mix, are 
contained in iwo eommunicaclng vessels, they will be iti equilibrium when. 
m ^diMon to the preceding principles, they are subject to the following: 

Me AagA/j stiff,if a if fu^a cif/untus tf 

m tqui/iAnum d/v in im mi^ nith &/fkfir tirnii/us. 
o show this cjtpcricnentaJly, Tncrcur>" is poured into a bent glass tube, 
mfK fixed against an upnght nooden suppcirt Cfig- 7 Dp and then water is 

poured into one of the legs, AB, The 
coloinn of water, AB+ pressing on I he 
mercu^ ni B, low ers Its level in the leg AH, 
and rjiLses it in the other by a quaniity, C D 
so that if, when equilibrium b csuiblislied, 
we iiiLigine a horizontal plancj ItQ to pass 
through fi, the column of walcr in AB wilt 
balance the column of mercury' CD. If the 
hetghia of these two columns are then 
measured, by mc^s of the scales. It will be 
found that the height of the column nf water 
is about ijJ Eimesi that of the height nf the 
column of mcreury% \S-c shall presen I ly see 
that the density of mercury' is about f 
li tries that of w^atcr^ from which It follnwi 
I hat the heighls arc inversely as t he den- 
SUECL 

cannot .t. ^ ^ ^ kidded that the equilibrium 

nf it to rem-im »5 a ^uffiacnt quantuy of iher heavier liquid for part 

£31 It to remain in of the lubt 
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The nfMcding principle may deduced by a very stmple calcul&iion. 
Let ^ and if be the densities ef water aJid and A and A' ihcif re¬ 

spective heights, nnd let ^ be the force of gravity. The pressure on U w ill 
be proportional to the density of the liquid, to its height, and to the force nf 
gmvity; on the whole, therefore, to the product 1%; Similarly the pres- 
sure at C wiU be proportional to rTA^jf. But in order to produce equilibrium, 
must be equaJ 10 or This is nothing more than an 

algebraical espresaion of the above principle ^ fur since the two pn^ucts 
must alway^s be equal, tf must be as nwny times greater than d as A* is less 

J a this manner the density of a liquid may be detcrinined. Suppose one 
of the branches contained water and the other oil, and their betghis were, 
Hspectively, 15 Inches for the oil and 14 inches for the water. The density 
of water being taken as unitj^ and that of m) being called we $haEI have 

11 9< 14 M 1 ; whence jr« - o‘933- 


APiq-lCA-rJONS OF TIIF HYPROSTATIC PRINCIPI.F^. 

109^ urdjimllo p«i«.~ The kw of the equal iiy of pressure has received 
a most importaiit applicaiion in the Aydraa/ie /mrj a machine by which 
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enormous pressures may be produced Its principle is due 10 Fascal, but it ^ 
was 5 rst coosiruH^ied by Bramah in 1796^ 

Tt consists of a cjdindcr, B, w ith very strong thick sides (fig. 76)* in 
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which ihcTC is a cait-i rcm ram, nmkbff water-tij^bl m I he colkr f>f the 
t>^lindcr. On ihe nmi P there is a cist^imn plaie cin which the substance 
tii be pressed is pLaeed. Four stron]^ columns sen'e to support and fix a 
Kcand plale Q. 

By means of a leaden pipe K, the cylinder^ B, which is hlled with water, 
coirnnunicaies with a small force-pump, A, which wmi;^ by means of a lever, 
M. V\^efl the piston of this pump jS ascends, a vacuum is produced and the 
water rises ia the tube c?, at the end of which there is a rose, to prevent the 
entmnee of foreign matters. When the piston / descends, it dri^-es the water 
into the cylinder by the tube K. 

Fig, yy represeais a section, on a larger scale, of the system of 
necessary' in working the apparatus. The valve below the piston op™ 



Fift- 77^ 


when the piston nses, and closes when it descends^ The vaKx ff, daring 
d^ent, i£ opened by the pressure of the water which passes by the pipe 
t The valv^e i is a held by a w eight which acts on it by means 

or a lever By weighring the latter to a greater or less cjcrent the pressure 
can he regulated, for as s^n as there is an upward pressure greater than 
that of the weight u|icin it, it opens and wtitcr escajics, A screw r screes to 
relieve the pressure, for when it i-s opened it alfords a passajre for the efflus 
or the water in the o'linder li, 

A inosi importanl pan b the leather collar, ff, the Invention of w hidi by 
Bramah remmed the dilhcallies which had been esipericnced in making the 
large rarn w'orlc w-aler-dght when submitted to 
great preffSUfeis, ft consists of a drcular piece 
of sirml leather^ fig. ySp saturated with oil so as 
to imperiotjus to water, in the centre of which 
a circular hole is cul This piece is bent so 
that a section of it represents a reversed U, and 
IS fitted into a groove jt made In the neck of the 
, c>lindcr. This collar being conenve downwards, 

pressure increase*, k fits ihc more (ifihtljr against the 

L “?** “1 the oAer.and quite 

prereTils any escape nf w^atcr. 

The pressure which can be obtained by ih» press depends an the rtlntiptt 
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tif the piiiton P Ifl that of the piston /i. 11 " the former hais a imnsvtrs^ stciidn 
fifty or a hundred times ai Esir^e ns ihe latler, the upward pressure on the 
lar|^ piston w\\\ be fifty or u hundred lirnea that c;^prtcd upon the small onei 
By intans of the lt%ef M an additional ndvanta^rt ii obtainH. Jf the 
dlstjance from the fulcrum lo the ptuni where the power applied is five limes 
the distance from the fulcrum w the ptsion /, the pressure on wilt be fi^c 
times the power. Thus, If a man acts on M with a force of sixly pounds, 
the force trarsmicted by ihc piston / will be joo pounds, and the for« which 
tends to raise the piston P \^ill be jc^odo pounds, supposin^f the seciion of P 
is a hundred times that of 

l"hc hydraulic press is used in all cases in which great pressures arc re¬ 
quired. U is used in pressing cloth and paper^ in cKtracting the juke of bed- 
root, in coni^preising hay and coxtonp in ccprc&sing oil from seeds, and in 
bending iron p1ales| it also serves to test the strength of cannon, of steam 
hoitens, and of chain cahlcs. Tlie parts composing the tubular bridge which 
spans the Menai Straits were ratsr^ by means of an hydraulic press. Tlit 
cylinder of this machine, the largcsi which has ever been tonstmeted, wus 
nine feet tong, and twcnty-fwo inches in internal diameter; it was capable 
»f raising a weight of two tbnus^nd tons. 

Tlic principle of the hydraulic press is advanlagecHusly cmploixd in cases 
in ^vhich great power is onEy required at intervals, such as in opening duck 
gates, in lifts En hotels, warehnuscs, and the like. In tliese cases an irrrw- 
mu/a/^r is niiecL The piston P is hmded with i cry' great weights, and w^ter 
is forced into the miindcr H by pow erful pumps. F mm the bottom of this 
cylinder a tube conducts waiter to any place where the pnw'cr is iri he appticih 
and the flow of even small quantities of w%\icr can perform a great amount 
nf w^ork.. 

Suppose, for instance^ the Area of the piston P is four square feet, and 
that it lias a load of too tons ; that icpreseniE a pressure of over jyc pounds 
on the square inch, or more tlum 25 aimusphcrcs. When the large piston 
sinks through the ^\ih of an inch about a pint of water w'lU tiuw ouq and 
this represents a work o( about 1,100 foot-pounda. 

i[o. Writer level. —The uvi/cr/rrY/ b an applicAtinn of the conditiopg 
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of equilibrium in communicating vessels. It comlsts of a metal tube bent * 
at both ends, in which are fitted glass tubes D and E (fig. 79). It is placed 



1 




9 ^ 


0/t 




pn a tripHTid^ md n-atcr poured in until it risc^ in both legs. When the liquid 
is ac rest, the level of the water in both tubes is the siime ; that Ss, they art 
both in the same horijontaJ plane. 

This instrument is used in levelling, or ascertaining how much one point 
■ 15 higher than another. If, for csaniplep it U dcsirod to find the difTerenw 
between the heighls of B and A, a is djeed on the latter place. 

This staff consists of a rule formed of two sliding pieces of wood, and sup¬ 
porting a piece of tin plate M, in the centre of whidt there is a mark. Thi.^ 
staff being held vertically at ^n obsenner looks At it through the level 
along the surfaces D and E, and directs the holder to raise or lower the slide 
until the tnark is in the profongalion of the line DE. The height AM is 
then Jtieasiircd^ and suhimcting it from the height of the level, the height of ^ 
the point A above B i$ obtained. i 

III. Spirit iBTei. The sfitn/ /rtW is both misrc delicate and more ac~ 
cumic than the water IcveL It consists of a glass tube, AB (fig- ^), very 

slightly curved; that is^ 1 
the tu^, instead of being 
a true cylinder as it soems 
to be, \i in fact slightly 1 

cun-ed in such a manner ] 

that its ajfis is an arc of a 
circle of verj' large rndiui , 
It is filled with spirit with 
the eKCcpiinn of a bubble 
of atr, which tends to 
occupy the highest fsart. 

The tube is placed in a 

.... ^ brass case, CD (hg, St), 1 

wmen s4 so as^nged that when il Is in a perfectly horironial position the | 
bubble of air is exactly between the two points marked in the caiw, I 

o lake levels with this apparatus, it is fiated on a tele$copu, which can r 
consequently be placed in a horixontal positiun. 

113, ArteftiBn v«]]i.~Ai] natural collections of W'ater exemplify ihe 
tenden^ of water id find its level Thus, a group of lakes, such as the 
great takes of North Aiiienca, may be regarded as a number of vessels in 
coinmunicaiio^and consequently the waters tend to maintain llie same 
icwl m aJl This, too, is the case with the source of a river and the sea, 
anil, Sts the latter is on the lower level, the river contitiually Hows dow’D to i 

^ e sea ainng ils bed, which is, in fact, the means of communication l^twccn ^ 
the two. 'I 
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most strikinfT instanec of this class of natuwi] ohenomenn is 
. . ” *** wi/s, Thcat urells doiivc: their niimc fram the province 

cusloiiiii,'to dig tlicm.aod from whence 
lir and Eumpe vtns derived, Jt secJO^ Jiow- 

md ^ remoie period well* of the sunic kind were dujf in Chinn 

Slips’these wdls, it musl be premised that the 
rsaltf, such as sand, gmvel, ; the other imfi^rmtabte, sueli is clay. Let 
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us suppose, itien, a googiaphical bswiT. of less extent, in 

tHi>lX=nneabIo layDRAB, CU ftig. 8i), enelosc between them a jwi^bk 
laj-er K K, The rain-water (ailing on the part of this laj^r which coiii« tn 
the surface, which is called the outcrops will filter through il, m ^ o 
the natural iiitl of the ground will colled in the hollow of the l^sw. whence 
it cannol csenuc QwLfiff to ihi^ Impermeable it rata above and below iL 
now, a verticil hole/1, be sank down to the water-tearing stotum the 
wa«r striving to regaiti its kvel will spout nut to a height which depends on 
the difference between the levels of the outcrop and of the point at which 

ilic pcrfooition U made, j' ., 

The waters which fecrl artesian wells often tom* froin a distance of 
sixty or seventy miles. The depth varies in different places. The well at 
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Clreni^lle U i|feo fed deep | it gives 656 gallona of water in a ininute^ and 
IS nne of tbe deepest imtJ mc^i a^mndant which has bem made. The 
lempcmture of the waier %i 27^ C. t fnllow^* from the law of the in¬ 
crease of lempcfalure wiib the increasing depth below the surface of the 
ground, that, if this well were a 10 feet deef^r, the waicr would have nil 
the year round a temperature of 32® €. % thsil the ordinary' lempcraturt of 
hatbs. 

nODIES IMMF.RRFP IN LIQUIDS. 

11^ jprvifture ikWpport^a lij w Pori^ lixHOcriOO In m, liquid.— WhoTl a 
solid is immemed in a liquid^ cvery^ portion of Us surface i.s submitted to a 
perpendicular pressure which inoeascs with the depth. If wo imagine nil 
these pressures decainposed mla huriiontal and ^'enical pressures^ the drst 
,401 are in equilibriunc The vertkal pressures an; obviously unequal, and 
will tend to move the body upwards. 

Urt m imagine a cube immersed io a mass of water {fig, Sj), and thal 
four of Us edges are vertical The pressures upon the four vertical face-s bei ng 
clearly In equilibrium, we need only consider the pressures exerted on the 
horiiontaJ faces A iwd B- The first » piessed dou-nwanis by a column rf 
waler^ n?ho«e base it the face A, and whose height is AD* the lower face B 
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ia upwards hy the weij^ht of ^ column of water whotie base is ihe 

face Itself, and whose height is BU (torj. The cube, therefore, is urged 
upwards bj'a force cqu.il to the ditference between 
the« ti-vq pressorers, which latter is tnainfeMly et|uaJ 
to the wet^rht i?f a column, of water ha-^int; the same 
Ijm and the some lieE|-bt as this cube. CfKjn^ufjr/ry 
fAis ufiTifttnf is rgUit/ to Mr if /At 

f?/wa/t r disj^/it^d Ax /At Aotfy, 

^ \^c shall readily see from the followinj^ reason- 

that eikerj’ body rmnitifsctl In a liquid i$ pressed 
upwards by a force equal to the w'ct^hi of the dis^ 
placed liquid. In a liquid at rest, let us suppose a 
pcirnnn of it of any given shape, regular or irrc'yfLiJar, 
iL> become solidifiedp without either increase or de¬ 
crease of volunic. The liquid thus solidified will 
recoain ai rest, and thetefnre most be acted upon by 

wnrdi thrrv»,.h ?I. ^ vcrticaJiy up. 

in place of the "a othermsc moiion would ensue, i f 

f " soljaified water «<e Mna(.-inc a solid of another subsitancc of 
exactly the «me volume and shape, it wiU ncccsstirily fMdx-e thexImi nL* 

'*'* *“"’^*“**"S as thciolidifitd portion did; henccflike 

the Matter, 11 will susmm ilm presimrc of a force acting vcriicaljy uDwards 

SThTkSa“n '*'^r''if displaced liquid, and equal to the weijSt 
■f lf| aos almost invariably happens. i he liuuid is of 

of S^^^ty of‘he iSmem 'IT k displaced liquid me.mx^he «n.re 

po«d o T h^^t^r T fa^txnntple, if a sphere iscom- 

w^Id nm wood, its centre irf gravitv 

wamr the ^ r ^^cnlre- but if it were placed under 

S'eintrT thntl lx* ar,hc gZe' 

the sphere if of’uniCTLsky' “*'*^'* «nln: of gravity of 

S^t^tt^hich 'f action of two force, : 

I n,?set w!.h a f„r« r^n "'I'-’' ""‘1= 

wel-ht of ih.^ h<v4 ■ ■ *“ weight of the liquid displaced. The 

ft^m which ^--tiallymercoL hy fol buoynno^ 

0 / 

b«KlIi*U Skd'iheSeTJ'’^ "f i'nntersed and flouting 

lrS“^SrHr s 

being ^ised U lS;w T 'j 4 beam 

^nd below this a solid cyliod«'’B'^ 

capacity of the first cylinder -11;, Iv ''“’“'*^5 ** «q“i^ to the 

Jf DOW the hollow^ cvUndcr A b*' ' quipoisc is placed in ihe other pan. 

cylinder A be oiled with water the equilibrium « disturb^ j 
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bui if Ell ihfr samt titn^ ihc b^Ain h JowerDd so that iht solid cylinder B be- 
inimer^ m a vessel uf w^icr pbeed beni^th il^ the cquilihriutn ■wjl!! 
be fcsior«l. By being iixiioiierscd in water the cydiadcr H loses a portion of 
its weight equal to that i>f the water in the lylitidcr A, Now‘ as ibc eapaciiy 
nf the cylinder A is ejcactJy eqiuil to the volume of the cylinder Bf the prin¬ 
ciple which lias been bdare laid down h pravetL 






'* ""'Sht Ihe displaced w-aier, 
m wliii^hthe volutne of the displaced water is readily calcolalcd But 
i»^ir«ily thBfof the b«ly iisett Suppose, far exaniple, t iJ 
Tliis is cnnsequently the weight of the dis- 
r '* 1 * * KTJmirae U Ihe weight of a cubic 

nntimetre nf wuter at 4'’; ccnsequcntly. the volume of the body immersed 

^ > SI cubic centimetres. 


116, 


ou Uv r*^"*”* l«dlo..-A body when flowing i, acted 

wo fbrees, namely us weight, which acts vertically downwards 
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through iti centre of gravity, nnd the resultanl of the duid pressures, wbirh 
(It3) acts vertically upuards through the centre of gravity of the fluid 
djj^placcd; but if the body is at rest these two forces nitisL be equal and 
.ICE in opposite diTcclionst whence follow' the conditioEts of equilibrium, 
namely:— 

i. ^tnr/in^ a tw/w ^ 

0/ 

Vtr Jim/ing b&dy muit be m the snme iferttenl 

/ifie /^^r/ iff theJtu/tt d/sfit^Kett. 

Tims in %. 85, if C is the centre of gravity of the body and C that of 
the displaced fluids the Line GC must 1^ veiticnh since whm it is 50 the 
weight of the body and the fluid pressure will net in opposite directions 
along the same line, and will be in eqailibriuiii if equal, ft is convenient, 
Hiith reference Eo the subject of the present artEclei, to speak of the line CG 
produced as the axis of the body. 

Next let it tKC inquired whether the equilibnum be stable or unslable. 
Suppose the body to be turned through a small angle (fig. S 6 ), 50 that (he 


axis tabes a position 
inclined to the vertical. 
The centre of gravity 
□f the displaced fluid 
will no longer be G, 
but some ether poin(. 
And since the fluid 



pressure acts vertically 
upwards through C^, 
its direction will cut 



\‘ertica| is gTcater or smaller Lf the angle is indeflniiely small, hF will 
haveadedni(c position +V1p which alwaj'^s admits of determination, and is 
called the metiierif/re. 

If we suppose M to be above C, an Inspection of fig, Sy will show that 
when the body has received an indefinitely small displacement, the weight of 
the body \V, and the resultant of (he fluid pressures R tend to bring the 
bcKly bock to its original posliion; that Is^ in this erase the equilibtiurn U 
stable (7 (1* ^ Jf, on she contrari^ M js below G, the forces tend to cause the 
axis to deviate farther froin the vertical, nnd the equiUbiium is unstable. 
LLcnce the nitc, 

ill. Yhe eputiibriifm &f Mv u sLi&ie nr un^tab/e aer^tttin^ tts 

the metiuentre fi aimv cr the centre ^^{fs^'ty. 

The determination uf the mclacentre can rarely be effected except by 
means of a sdinewhiit difficult mathematical proctas. When, how'ever, the 
form of the immerud part of a body Is spherical it can be readily determined, 
for smec the fluid pressure at each point converges in the centre, and con¬ 
tinues to do so when the body is slightly displaced^ their resultant must in 
^1 cases [MS thrmigh the centre, which h therefore the Tnetacentre. To 
ulustratc this t let a spherical body Aoat on the surface of a liquid (fig. 88)| 
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cmndding with ihc 

Now suppose a stn^ilL 



Fit, BS. 


bo 


then, us cmxt^ of gravity and the mctaceniro bolh 
geometrical ccnJre C, Its equilibnum ia ncuEnil 
heavy h&dy ro be fastened ai P, the aummiE of the 
verticaJ diiunctcr. I'lie centre of gravity will now 
he nt Some point G nbovc C. CoEiscqucni!>% the 
equilibrium is unstable, nnd the sphere, [eft to ^l5eJf^ 
will instantly lum over and will rest when F is the 
lower entl <if a vertical dLtmeter^ 

On imestigating the position of the metaceiitre 
of a cylinder,, it is found that when Ehe ratio of 
tile radius lo the height is greater than a cerialvt 
quantity, tlie posilion of stable equilibriurni is that 
in whicii Ehc axis h \ertical ; but if it be less than 
that quantity, ihc equibbriiim ia stable when the axis i* horirnnlAl. For this 
reason the stump of a tree Hoats lengthwise, buE a thin disc of wood HoaES 
flat on the water. 

Hence, also, if it is required %n make a cylinder of moderate length float 
with its axis vertiral, h Is nccessur to lo-td it at ihe lower end. \iy 
doing hs eenire of gravity is brought below the 
motacenlre. 

The dctermlnj^tiofn of the metacentre and of the 
centre of gravity is of great importance in the stow¬ 
age vessels, for on their rckiTive positions the 
xtabiliiy depends. 

3 17. Cane!tan ajw®r-~Tlie different effccEs 
of suspenHion, immersion, and floating are repm- 
duced by means of a w'cll-known hydrositatic toy^jthe 
iiizffr ffig, Sq). U consists of a glass 
^finder nearly full of water, on the top of w hitrh a 
brass cap, provided wiih a piston, is hermetically 
fitted, rn the liquid there h a little porcelain 
hi^re attached Eo a hollow gkss ball a, which con- 
lams atr and water, and floats on the surface. In 
the lower part of Ehis hall there is a little hole by 
w^hich water can enter or ejeape* according as the 
flpr tn the tnEcrior is more or less compressH, TTie 
quantity of water in the globe is such that very 
iiwlc more is required to make it sink. If the 
piston be slightly lowered, the air is amipTessrd, 
and this pressure is fmnsmined to the water of the 
yeiael and the air in the bulk The consequence 
^ ihai a small quantity of waEer penetrates into the 
which therefore becomes heavier and sinks 

^ ^Pl«rdtn^ beinsf now lighter, rises 

t-P K f by repbang the bmss 

the m!,»rh MVer of sheet mdin mbber, which is liRhtly tied 
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fishes hav* 3n air-bkdder 
^lom the ^ine, M hteh is called ihe rudmmiHg^iiittidfr. The fisJi can com- 
press er dilaie this at plepurc bv means of a tnitscidar effort, and prodaec 
ih: «ine effects as these just described-that is. it can either rise or sink in 

119: SwiiBmlBp-^-nit hmmaa body is iijfhtcr, on the tthole than sn 

floats on the surface, and still better 
n f’ '’“'T'f fresh water. The difficulty in snnmmiiis 

m breathe freely J„ ,nan the head is heavier than the lower parts a„d 

^ ^ quadrupeds, on the contrary, the he,ad bcini; Icm hcivv 

than the postnnrtr parts rff the bhdy. lemains above water n-ithout'nv effort 
anti thesp aiiitnals therefore swim nntutally. " ' 

SPiariFic okavity—HV iinoMirrERS. 

»2gSiE~A"rS?,™s 

these methods to dcierminlhg the specific graiatv of solid! ^ A t 
5f>ccific Pimi-lty <sf liquid?; ^ ^ ^ ^ ,ind then lu the 

according to Anrhim^irf principle the weiidii’!^- ^’'r*' “ '«» 

-irh. *: ™,Th; ;:sr inithSc'”^ 

weight or the^y in air. P- i. weighfin 
- P being the weight of the displaced water, we have D- J! ^ 

sirictly sinking, ^Tquamdy 'X^red^ ^e^ejfh! oMheT!? 

by the subMunM, Md the J th 

-I.:.!, bodi,. u"^'; ™.- in 

(cmperaturt m oe distilled water at the standard 


- 122 ] Spttijie Gravii^ 


99 





iL —The uppAmtus conftials of a hollow metaj 

cylinder B (fig lo which is fixed a cone C, loaded whh leacL The 
object of the latter i& to 
bring tbe centre nf grarity 
below ihe mclacentre^ so 
that the cylinder niay float 
uith its axis x^erlicaJ, At 
the top 15 n. stcifij tcrnii- 
tiaicd by n pan, in which 
placed the substance whoic 
specific i^a^lty is to be 
determined. Dn the stem 
a ^tandHird point, 
roarked. 

The apparatus stands 
partly out of the water, and 
the fir^t step is to nscertaiti 
the weight which must be 
placed In the pan in order 
to make tbe hydrometer 
sink to the standard points 
Let this weight be 125 
groinsi, and let Sulphur be 
the subsiance whose specific gravity 15 to Iw detemined The weights are 
1™" the pan, and replaced by a piece of snlphur which weighs 

j ^eighis added until the hydrometer is again 

f«r In^^ance^ it has been necessary^ to add 
- tf2e sulphur is evidently the difference between 1^5 

' ■* grains. Ha^-ing thus deterrnined the weight nf the 

If ; ^ 10 ascertain the weight of an Kjual 

^ wa chis+the piece of sutphttr is placed in the lower pan 

t k I * ^ Tepmemed rn the figure. The w hole weight is not chanj-ett, never- 
the hydrometer no longer sinks to the siandard j the sulphur, by iin^ 
mm,on, has |,^| a p:,n of its weight eqnai to that of the water displaced. 

hydrometer sinks again to the 
eh^ f J 4 -I grams, for example, ftpresqnls the w^lgliL oi 

-ater dispkeed ; that is, of the Volume ofwater equal Vo ihe 


Pli 




gravity. 


. . . , . ^ Mdi-n. , 

e ^ig t in air^ by 34^4 grama, and the quotient 21^3 is the specific 


ifid li^ ’* •ifilit'TfJian vLTiierti Tends to rise te the surficc 

e^ J fi T P"" t:- To dbviaie tbi^ n small movafak 

^hc weeni of the body. 11.. 

experiment 15 m other respects the sairn^ 

of a **'"'■ »Tiwt™.t.r.-n-ben the specific giai itj 

nientlv hv requirM, it can be found mast convci 

ment ''^™- 

ment on ih^ ■+' ^ Kv of w'htcb is fitted a thcrmcrmeter A, an enlarge- 

“wnt on ibe .teni betog carefidly ground for thSj purpose (fig. ps^ lu the 
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Hide H a ftaiTow rapillary stem widened .it the l&p aad prfitided whh a 
stLipper, as shown In the fi^re. On this lube is a mark 0t^ and ihc 
Ibrnnametcr stopper having been inserted, at each weighing the hoitlc 

is dllcd with water exactly ta this mark. 
The bottle may ronvcniently have tllmen- 
siofu such that when the therrnruiictrr 
stopper is Inserted imd the l^uid filled to 
the niark w, it represents a definite voluTne. 
This Is done by filling the bottle wdien 
wholly under w'atCft and putting in the 
TsinppftT while U is immcrMi!. 'rhe battle 
and the tnbe urn tiicn i;omptete]y rided+ 
and the qtitniity of water in excess is re- 
Tncncd by blotting paper. To find die 
spedfic gravity ptticeed as follows j—Hav¬ 
ing weighed the powder^ place it in one 
of the seale pansp and with it the boLtlc 
filled exactly to and carefully dtitd, 
'fhen balance it by placing small shot+ or 
sand, in the other pan. Next, remove the 
bottle and pour the powder into it, and, as 
before, fill Jt tip wdtli water to ihc niark a. 
On feplaciiig the bottle in tlie stale pan it 
wilt no longer bolatitc the $^hnu since the 
powder has displaced a x'otuntc of waiter 
equal lo its own volumei Place weights 
in the scale pan along with the bujiile 
until t hey balance the shnt. Thes« weiglit s 
gire the weight of the water displaced^ 
Then the wcighl of the powder, and the 
w'cight of an equal bulk of water being 
knowiu its specific graxiiy is determined 
as before- The therEnometer gives the 
temperaturp at which the determination 
is made, and ihus renders it easy to make a correction 

It Is important in thi» determination to remove the ja^'crof air w'hich 
adheres to the powder, and unduly increnaes the quauiiiy nf water expelled. 
This is efieeted by placing the bottle under the rtcesver of an air-pump 
and exhaustings The same result is obtained by boiting the water in which 
the powder li placed, 

tSJ- Bedtttft w^lonte I a water. — If the body, whose spO-ifiC gmvliy is In 
^ deiermined by any of these methods, is ^luble in n-ater, the determmaiion 
Is made in some liquid In which it is not soluble, such as oil of turpentine 
nr fiaphthiai the specific gravity of which is known. The specific gravity is 
obtamed hy multiplying tbe-number plained in the expefiment by the specific 
j^Tavity of the liquid used for the deliiiiiinjitlon. 

Suppose, for example, a deEerttVlcatiori nf the specific gravity nf potasiijum 
has been made in naphtlia. for equal vulttmes* P represents the weight of 
die potassium, P' that of the naphtha^ and that of water ; consequently 
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p will be tbe spedlic sjra-^nty of the stihstiince m reference ta n^plitha^ and 

the spedlic: gravity of the niiphlhni in reference to water, The product 

p 

cf th*se two fracLiDns is the spedfic ^viiy of the siubsi^ce compared 


U’Llli water. 

In deiermlntn^ the spodhe gravity of porous substances^ they are var¬ 
nished before being iiUTncr^cd in wnter^ which, renders them impennous to 
ntoiiiiiife withcFUt altering tlieir voliiniie. 


grtiti/f it/leiMs af rm? as nVrA dls/i 7 /^d -rew/rr n/ 4® C. 


Platinum, rolled ^ 

* 

, 22X169 

StftiiuAiy tfu^jrble , 

i ■ 

2837 

ff cas-t 9 

+ 

* 50 jsr 

^AlLEminitim * 

■ 

i-eso 

CVold, stamped 

r 

. tg'362 

Rnck ci^^smS . 



^ epist 4, ft 


. ig-ise 

5t, Cobin ghiss 


3-488 

Lead, cMt 


- H'Jji 

China porcetain . 


3-38 

Sih'er, cast . 


, ( 0-474 

SHres porcelain p 


3-14 

Hismuih, cast 


- g-822 

Native isiilphnr 

* m 

a '*33 

Copper, drawn wire 


. 8^78 

Ivory 4 


i’!»i 7 

„ cast . 


. G- 7 fi& 

Anthracite + 


I'fioo 

Cicrman silver 
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Compact coal 

m 

1339 

Bra^s 


* S'jSj 

Amber * 


lio7fi 

Steel, not hainmeted 


* 7 'Sr 6 

Sodium + 


0^979 

Iron, bar 


7788 

.Melting ice . 


0.93Q 



. 7^207 

i^otasiiiuiii 


o'S6^ 

Tiiij cast 


. 7 ’ 2 gi 

Beech . 

- + 

D'352 

55 iric, cast 


. 6 S61 

Oak 

I- 4 - 

0^5 

Antimony, cast 

■ft 

. 6712 

Elm 


O'Soo 

liKlinc 4 


. 4 950 

Yellow pine . 


0-6J7 

Heavy spar . 

. 

. 44 yo 

Lithiitm 


o-jSj 

Diamonds 

3 551 to 3*}t>i 

Common poplar , 


0-^9 

Flint glass 

- 

. 3329 

Cork 

■ 1 

0240 


In this tabic the woods am supposed to be In the ordinary alr-dned 
condition. 

1 2 + BpmolA c iTftTltjr of Uiinld*, — i. J/sfJf(k7a/ —■ 

From die pan ijf the hydrc^staiic balance a body is suspended^ on which the 
iiquidt whose specific grair-ity is to be deEermlned, exerts no cheinicnl action ; 
for eKAiftplCi a hidi of platlniini. Ihis is then successively wtighed in aLr^ 
In distilled watcCii and in ihc liquid. The loss of weight of the body in these 
two liquids IS noEcdr 'rhey repmsen t respectively 1 he w'cigbEs of cquaJ volumes 
of water and of the given hqtiid, and cniutcqucnlly it is oniy necessary^ to 
divide the second of them by the first to obtain the required specific gravity. 

Let I* be the weight of the plaiintim bail in air, 1 *' jEs weight in water^ P' 
Ies weight in the given liquid, and lei 13 be the specific gravity sought. The 
wvighEofthc w'atcr displaced by thc^^tinum Is P-P‘, and that uf the 

second liquid is P - P^', from which we^ce D ^ ^ 

ll Ajdramsf^.^~rh\s instrument (fig. 95) resemble^ Nichol¬ 

son's hydrometer, but it is made of glass, so as to be used in all liquids. At 
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lower C 3 eliremiiy% m&tesid of a pnn^ it h loadod uitb a ^idiyj bulb eontaiiticig 
]Eiercur)% Tliere h fi sLand^rd murk on the stem. 

The wci^ltt of the inslrumenl is first Accurately determined In air: it 
is then in nnd weights added to the scale pan until the mark 

on the 5item is Icvd wilh the water. It follows^ from the dr^ principle of 
th<^ cquillbnum of floating bodies, that the 
weight of the hydrometer^ together w'ith I he 
weight in the scale pan, is equal to the w'eight 
of the volume of the displaced water, tn the 
same manner^ the weight ol an equal volume of 
the given liquid is determined^ and the speci^c 
gravity is found by dividing the latter weight by 
the former. 

Kellhcr Fahrenheit's nor Nicholson^s hj'dro- 
meters give such neevrate results as the hydro- 
static balance. 

iii, —This has been 

already dcscrilKd In determining the 

specific gravity of a liquid, a bottle of special 
CnnstmctKon la used ; it consists of a cylindricaJ 
tesen'oir ^ (fig. 94)^ to which is fused a capillary' 
tube r, and to this again a wider tube a closed 
with astopper^ Tlte bottle Is first weighed empty, 
and then succcssi^xly full of u-atcr to the mark c on the capiltary stem and 
of the given liquid. If the n-eight of ihc boule be subtracted from the two 
W'eighls thus obtaincth the resuli represents ibe weights of equal volumes of 
the liquid, and of water, frnm w hich the specific girniiy is nbtained by dmsion. 

T35' the ehiemtlDa tempeTelnire Id u^rtwiniiar epeeifle 

Vines.— As the volume of a body increases with the tempemturti, and 
as ihis increase varies with dlflercnt substances, the specific gravity of any 
given body is not exactly the Same at different tetiipcmtures; and^ con- 
wquenily, a certain fixed temperature is chosen for those dete mil nations* 
'fhat of w ater^ for example, has been made at 4®" for at this point St has 
Ihc greatest density^ The specific gras'itics of ether bodies are assunied to 
he taken at rem s but, as this is not always possible, certain corrections must 
be made, which w^ shall consider in the Book on Heat. 

a/ jtfrt?, ir&m/iir/’ti •smM //ftti qf it-aA-r ai 4- Cp 

fW Ufll/y. 

. t1D2d 
. iioao 

■ 0^4 
. cr 9 l 5 
. 0-S70 

- 0'S $2 

* 079J 

- 0713 
specific gravity 


Merciif)- 
Uromitie 
Sulphuric acid 
Chlorofi>nn , 

Nitric acid . 
Bisulphide of caibcm 
tllycerinc 
Hydrochloric add. 
Blood . 

Milk * . , , 

126. ftf tfkuei 


. IJ 59S 

Sea-water 

. 2-960 

Distilled watei' at 4' 

. r^i 

f. nt 0' 

. r$n 

Clam , 

, 1 420 

Olive oil 

: ;% 

Oil of turpentine i 
Oil of lemon . 

Fclroleum 

, 1060 

Absolute alcohol * 

* 1 

Ether . 

of xp«etae vrAvttrii^Tabtes of 
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admit of tiiimcrnus applic^itipos. In tnEneralojf^' the specifier (jravily of n 
minep!il i$ often a hi^fhl^r distinctive character, hy incAnfl of tables of 
s|icoific gravities the weight of a body may be caJculnied when voluave Li 
kna\^m, and conversely the volume when its weight is knoun. 

With a view to exiplaiiiing the liist-metitioniL^ uiie qf these tables^ it will 
be well to preniLsea siatecneint of the connection existing belw'een the Biitish 
units of length, capacity, and weight. It will mnnifealLy be suArcirnT forthia 
purpo^ to define that which exists between the yard^ g^Ioa* and pound 
avoirdupois^ since other measures stand to these in well-known relations, 
'fhe consisting of 36 inches, may be regarded as the primary' unit. 

Though i% is essentially an arbitrary' standard^ it h determined by this ^hni 
the simple pendulum which makes one oscillaiion in a mean second^ at 
London on the seadcvel, h 39'l393j inches long. The gn/fm contains 
2^7^274 cubic inches, A gallon of distilled water at the standard tempera¬ 
ture w^eighs 10 pounds avoirdupois or 7CVP00 grams truy ; or, w hich comes 
to the saiiie things One cubic inch of water wciglrs 353'5 grains^ 

On the French system the mefrr is a primary unitj and is so cbo^n that 
10,000,000 metres arc the length of n quadrant of the meridian from either 
pole 10 the equator. The metre contains 10 or 100 

or t .cm ; its le ngth equals 1 yards. The unit of the measure 

of capacity is the or cubi c dectntecre. The unit of w eight is the 

which b the weight «f a cubic centimetre of dUtilled water at 4^" C. Thu 
Ay/pgr,jffim€ contains j.ooo gramme^ or is the weight of a decimetre of dis¬ 
tilled water at 4* C. The grtimmt equals i F443 gridiis. 

If V Is the numbei' of cubic ccntimetivs (or decimetres) tn a certain 
quantity of distilled w^tcr at 4^ C., and P Its weight in grammes {or kilft- 
grammes}, it is phiitii that P* Now' consider a suVy^tance whuse spcdlie 
gravity b U ; every' cubic centimetre of this substance will weigh h.s much 
as D Cubic centimetres of water, and therefore V centimetres of this sub¬ 
stance w'dl weigh a3 much as DV centnuetres of water. Hence if P is 
the weight of the substance in grammes^ we have P»DV, If however V 
is the ^iuiTie in cubic inches, and P the wcit'hi in gmins, we shall have 
I ■■ -3 53’3 V. 


As an eiHwnple, we may calculate the intemaj dinmeter of a kIoss tube, 
Merc«[>' IS introduct^ and ihc lenijih and weiifht of ilie coliunn al 4* C. 

are accurately dctertiiincd. As the column h cylindrical,, we have V^wr^i 
radius, and / the length of the column In centimetres. Hence 
If D 15 the spccihc gravity of mercury, and F the weight of the column in 
grauimcs, we ttave F-irrVb, and therefore 


a/ 

V h-d 


, . . - "W 

if rand I are m Inches and P in grains, we shall have Ft 
and therefore 
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in a^sirnilar manner the diuncter^ very- fine metal wires can be de- 
termmed with great accuracy^ “ 

™ «T<iriiwo*Bri >iti> ttmrlrnvi^ woidm*.^ The hydromeiert of Xirlwl* 
/. called kjfitfvmitm of eoMtttsnt bvt ‘tuitiudfe 

. caiisc they are always immci^ to the same esient, but carr^ 
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different weights^. 
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There iire also A_vi^rfrmt/i‘ri t?/ i^arfuif/e Aui 

Th«3e irks[ruii:icnt$, kunwn under ihc different naine& of 
nrr/sAJwr/rr, nnd suti^Aunfin^/^^ are mu u&cd la 

detcnninc the exact tipecjht gTiavity of ihc liquids, but to show whether the 
acids^ alcoholfi, ailliq sotuUans of su^ar, Slc^ under in^esii^tiau^ wp? more 
or less conceniniEetL 

j 28, noaimie-e bjor^iaoEev.- Tida., w hich was rhe first of these mstni- 
mentSf inny sene as a type of thetn, It consists of a glass mbe {%. 95) 
iojidcd at the bottom with mcrcuiy^ and with a butb 
blown in the itiiddloi The steao, the external diameter 
of which is as regular as possitilc^ is hohow, and the 
scale is markedi upon it. 

The graduation of the insimuient difiTers according 
j fi as the Lit|tiid^ fur which it is 10 be used, is heavier or 

I ^ I lighter than water. I n the first case, it is so coasirueicdl 

Q J that it sinks in water nearly to the top of the stem, to a 

- point Aj which is marked iiero, A iolution of fifteun 

. * pirts of salt in eighty-five parts of water is m.ide, and 

tJic tnsEniJiients immersed in it. It sinks tu a cemm 
point on I he stem, ik which is Tnarked ij ; the dislancv 
between A and D is divided Into 1^ equal parts, and 
the graduation conttnued tn the bottom of the stem. 
Sometimes the graduation is on a piece of paper Inside 
the sEcm. 

^ The hydrometer thus graduated onEy sert'cs for 

liquids of a greater specific gr^ivity Eli.nn water, such as adds and saline boIu- 
Lions, t or liquids lighter than w ater a different plan miLst be adoplecL eauiii^ 
took fnr rero the point to which the apparatus sank in a solotinn of 10 parti of 
salt in 90 of watcr^and for ic^be imk the level in distLlled water. This dis- 
Lance he divided into 10% and continued the division lo the lop of the scale* 
The gradual ion of these hydrometers is entirely con^ cntkiinalt and they 
neither the dcnsiiies of ihc liquids nor the quantities dissolved. But 
they are very useful in making itiixmres or solutions in giveri piopoTtinns 
Che results thcj-givc being suRidently near In the majority of rases. For 
rnstance, it js found that a well-made synip marks 35 on Ikai4m^''s hydro- 
metcr^ fiom which a manufacturer can readily judge whether a syrup which 
IS being cvapiTraled Iuls reached the proper degree of conecotiation. 

12^ aJegliolometer^-^This tnstnimcnt Is used to deier- 

mme the strength of spirimrms liquors t that is, the proportion of pure akohol 
icn they contain. It diflers fmtn Ikaumifs h^’drameter in the graduation. 
T ixtures of absolute alcohol and dlsiillcd water are made contaioltig 5, 
^ 1 ^^ cenL tif the fnnner. The alccfholoinetgr is 50 conainjctcd 

tbaq wben placed in pure distilled water, ihe bottom of its stem is level 
with the irvaier, and this point a zero. It li next placed in absedute alcohol 
w^ich rnarks mp" and then successively in mixtures of dsflfcrent strengths, 
containing lo^ jo, ^ per cent. The di% islons thus obtained are not 
e%.ieiiy equal, but their dilTeronire is Kot great, and they are subdivided into 
if" . ^ which marks per cent, of absolute alcohol in a 

q io._ Thus a brandy ui which the aJeoholomcier stood al 48^ would con- 
t»m 4fi p«t Qf fth«lu.c a!cflh«l, ai>d Ac rest w<«ld be wakr. 


10^ 




D^'nsimr/tK TOJ 

j'VJI thesfr dtirtcrminjiLion^ ^rc iruide ni i|^ C.^ and for that tcmpeiaturc 
on[y are the indECaEion!; correct. For, aiher tilings beiriijf the same, if ilie 
temperature the Eiqwid ej?pands, and ?he jidcoholnmctpr w\\l aink, and 
the mntrir^^ jf the tempersture falL To obviate ibis error, Gay-Luisac enn- 
atnictcd A table wbkb for each pereentage of alcohol gii'cs the reading of 
ilie i nstrumciit for each deij^rep of temperatmo from o* ap (n jo° WTien the 
exact analysis of an alcohol tc mist me i 5 to be made, the tcmpemlure of the 
bquiid is drsT detertninedi and then the point to wbkb the alcoliuilomeEer 
sinks ill EL The niEimber in ilic table corresponding tn these data Indicates 
the percentajife of akohnl. From, in giving the percentage of alcohnl^ this 
is Esften called the ^Avr^Vjctw/^/jrn 

tyx Of insiniinenis for indicating the per- 

tentage of salt contained in a ^fpiution, are iitadc on the principle of the 
teniciiimal alcoholometer. TItcy are graduated by iininerBing them in ptirjc 
water which gives the ?ero, and then in solutions containing dlfTcrenlpercei i- 
Si 20. ^c., of the salt, and marking on the scjjile the corresponding 
points. These Instrumeots are open in the object ion tliai et ery^ salt requires 
a special instrumeoL Thus one graduated for common salt would give 
toLilly false Endicaliotis in a solyiion of nitre. 

and finemrfrrj are similar instruments^ and are used h>r 
measuring the quantity of walcr whkh is bitroduced Into milk or wine for 
the purpose of adulteration. Hut their ust is limiEcd, because the dcasily 
of these liquids is xnriable, even when they arc perfectly naium!, and 
an apparonE fraud may he really due to a bad natural quality of wint or of 
milk £Ww>mir/iir'jF, which are of extensive use in medicine, are based on 
the some pniiciplf^ 

l^Tr lHexkflLmerei-.— The h an apparatus for indicating the 

specific gravity cjf a icquid, Rosscau's densimeter (fig. 96J is uf great use, 
in many scieuttfic investigations, in determining the 
specific gravity of a small quantity of a liquid. It has 
the same form as Heaum^a hydrometer, but on tlkc 
up^r part of the stem there is 3 sirvail lube .VC, in 
whkh is placed the substance to be determined. A 
mark A on iht side of the tube indicates a measure of 
A cubic Centimetre. 

The insirument Is so constructed that hrhen AC is 
empty it sinks in distilled water to a psbq £1^ just at 
llie bottom of the stem. It Is then filled ifthh distil led 
water to the height measured on the tube AC, which 
indicates a cubic centimetre^ and the point to which it 
Tiiow sinks is 20^. The interval between o and 20 k 
divided into 20 equal parts, and this graduatioti is 
contEiiued to the lop of the scale. Aa this la uf 
unifurm bore, earh division corresp^lnds to A gramme 
or o-ogn. 

To obtAlrt the density of any liquid, lylc fot example, the tub* is filled 
With « lip to the marli A ; if the donslnMier .Inks to ajl division!, its wcii-ht is 
^5 “ lo j - I TM j ■ (hat is to iii)> th.il with equal votuines, the weight of water 
belief I, thill of bile is i toj* The specific ffaviiy of bile i$ thcrefoie rtK5, 

J 
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CHAFTER IL 

CAriLLi\fim, E>^nO&MOSE, EFFUSIO?^, ABSORPTIONj A?iCJ IMBIBITIOK, 

132. cmplUnry 'VSTi^it suStd bodtcs aiir iti contact 

mth liquids, a of pticnoitiena h pfttduced called cafifflurj 
because they are htsi seen in tubc^ whose diameters are cnmpatablc with 
itie diHlineicr of a hair. These pherifomena arc treated of in ptiyiilci under 
the head of riipt 7 /an 7 jr or df/rarft>fi: the latter cspressiarL is also 

applied to the force which producer the phencmena. 

The phenomena of capillflrity are %eiy various, but may all be referred 
to the mutual attraction of the liquid molecules for each other, and to the 
Rttraction between these molecules and solid bodies. The following ure 
some of these phenomena :— 

When a body is placed in a liquid tvhich wets it—for example, ^ glass 
rod !n water—the liquid, as if not subject to the laws of gravitation, is rnised 
upwards against the sides of the solid, and its surface, instead of being hon- 
xontal, becomes slightly conclave (hg^ ^7)- on the contrai^v the solid is 

■ 

Fw- Fi*, ^ Fkff. FsE^ w 

one which is not moistened by the liquid, as glass by mercury, the liquid is 
depressed against the sides tk the solid, and assumes a convene shape, as 
tepresmted in hg. qS. The surface of the liquid exhibits the same Concavity 
or convexity against the sides of a vessel in which it is contained, according 
as the sides are or are not motsleoed by the ilquicL 

These phenomena are much more apparent when a tube of smaU 
dlameieri^ placed in a liqultL And according as the tubes arc or are not 
iTKiistcmcd bv' the liquid, an aKcnt or a depression of the liquid is produced 
which IsgreaicT In pmpottinn as the diameter is less (flgu, 99 and ioq). 

W'hcn the tubes aure moistened by the liquid, its suifktc assumes the 
form of a concave bemisphcrkal segment, called the r&fKtnff 

99)1 tubes are not inoisienc^ there b a rntni^^tfi 

(fig. too). 

133, or fbe uAsmut uid depmaloD lu eaplIllMrir Saboa. —The 

mnsi important law in reference to capiliariiy is tnown as JwHft^siaiL% li 











- 134 ] a fid Sa fences. 107 

Is thai the lieij'hi of fhc n^cent of otio and the saine liquid in arapiltary lubt 
is inversely as tlic diameter of the tube. Thus, if water rises to a height^ of 
^ mtn. in a tube t mm. in diameter, ft will only rise to a heij^ht of 15 mm. 
in a tube 3 mm. in diameter, but to ci herghl of 300 mm. in a tube o l mm. 
in diameter. This law has been vtrisied with lubes whose diometcTs mnged 
frt>m 5 min. to o'oy inm. It presupposes that the liquid haSi previously 
tnqistened the tube. 

The height to which a liquid rises in a tube^ diminishes as the tciupcra- 
ture rises, 'Hius in a capillar^' tube in which water stood at a height of 
3307 mm. nt o’ it stood at aBiS mm. at 35"", and at 3^5 mm. .it flo^ 

Provided the liquid moistens the tube, neither its thichness nor its nature 
has any inBuenoe on the height to which the liquid rises. Thus water rise? 
TO the some height in tubes of diflcreni kinds of gloss and of rrick ciy'stal, 
provided the di.ometcn are the some. 

TlienaEure of the liquid h of gnat Importancet of all liquids w'atcr 
rises the highest; thus in a glass tube 1*29 mm. in diameter, the heights of 
water, alcohol, and turpentine were rcs|H:aivety 9*18, and milli¬ 
metres. 

In regard !o the depression of liquids in tubes which they do not 
moisten, Jurin*s law has not been found to hold with the same accuracy. 
The reason for this is pn>bal ily to be found in the following ciimmsianccs t 
\Vh^n a liquid moistens a capiUarj.’ tube, a vciy thin layer of liquid is formed 
Against The sldes^ and remaiiis adherent even when the liquid sinks in the 
Eube. The a^ent of the column of liquid takei place then, as it were, in^de 
A central lubu, with which it is physicilly and chemically identienJ. The 
oscoEil of the tube is thus an act of cuhesjon. It is therefore easy to under¬ 
stand why the nature of the sides of the capillary tube should be without 
Influence on the height uf ihe ascenL, which only depends on the dbuneter. 

^Vith liquids^ un the contniryv which do not moisten [he sid^of the Eube, 
the capillar)^ action takes plac» between the sides and the liquid. The 
nature and stniclure of the sides are nt^'er quite homogeneous, and there is 
always moreover, a layer of air on the Inside, which Is tioE dissolved by the 
liquid. These two causes exert undoubtedly a disturbing mduence on the 
law of Jurin 

E34. JLsMBt Atid deprevulem IwtwceD Fumllelor iDoUfied sikeraeeiu _ 

When two bodies of any given shape are dipped ip water, analogous caplb 
lary phenomena are produced, provided the bodies are sufficiently nc.ir. Jf, 
for cicample, two parallel glass plates are iminersefl in water at a very sinali 
distance frum each other, water will rise between the two plates in the 
inverse mtio of the distance which separates them. “I h* height of the 
ascent for any given distance is half what it would be in a tube w ho&e dia¬ 
meter Is equal to the disuince heiween the plates. 

^ If tile parallel plates are ImmeFsed In mejrcury^ a correspfindmg depres¬ 
sion is produced, subject to the same laws. 

if lw‘o glass pbtris Ali and AC with their plan ^Titicftl and inelLncd lo 
one anoihcr nt a small angle, as represented tn fig, 101, have their ends 
^^ped inEo a liquid which wets them, ibe Liquid wilt rise between them. 
clei^itnn ivill bGfTx^ittcst at the tine of contact of ihe plain and fMin 
ETnduAJly the sucfiice lAking the farm of itn cciuilatcnif h^'per* 


loS 
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art rc^pc^tiv^Sy ihc \mc of intcrscctmn of ihc pblei^ 
nind tht Jjnc in which the plates cot the horijsontnL su1rf9.ee of the liquitL 
If a drop Ilf TftTitcr be placed ^ihtn ^ canicaJ glass tube whose angle is 
smalt and aais horizonEal^ it will have a coucave iiieniscus at each end 



TIMt- »i. 


Tie. 


Fi|i. tvy 


fo3]^ and will tend iq move towards the vertea, 13ut if the drop be of 
mercury it will have a coni'es: meniscus each end (fig, Joi), and will tend 
to move from ihc vertex. 

IJj. JLltTWCtten and repnliJaD pro^need bjr caplltaritj. —-The attrac¬ 
tions and repulsions obser^'cd betw'cen bodies floating on the surface of 
liquids are due to capillarity', and arc subject to the following laws;— 

L When two ftoating balls both moislened by the liquid—^for cxatnple^ 
cork upon water-are so near iliat the liquid surface between lhen!i is not 
le^ elt an attmciion lakes place. 

ii. The same cffwl es produced when neither of the balls is moislened, as 
is the case with balls of wax on water. 

lii. Lastly^ if one of the balls is ttioisiened and the other not, as a bai t of 
cork and a hdl of wax in water, they repel each other if ihc curbed surfaces 
tif the liquid in their respective neighbnurhaHads intersect 

^Vi all these capillar)' phenomcnji depend on the concave or convex cur- 
rature w-hich die liquid assumes in contact with the solid^ a short cxplana- 
tioti of the cause which determines the form of this curvature is necessary . 

CawH or tae enrra^vam of liquid nLrfmi^ In eontwet with aoUfls. 
form of die surface of a liquid in contact wiih ft solid depends on the 
relation between the altraciion of the lolid for the liquid, and of the mutual 
attraction between the molecules o| the liauid. 



acts upun the tttolecuW 


II. If Ihc /orce ff inqnsiscs or F ttiminishes, ihc resuliiutt R i» withia ihe 
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angSe tfml> (% loj) ; in this cas* the tutUict Lakc^a dlr^icpn periodir^ 
to mR^ and become concave^ 

iii. If iJifr force F increases, or w dimiitishes, the re^uttani R takes the 





Fig. H17. 


Fig^. ¥ 04 + 


directioTi wR 106) the anj^le PwF, nnd the iturface, bcmirkin? 

perpendicular to this direclioUp is convex 

137. InaneBca of Uid ounraturD on eHpll1aT7 plieiioiBeiia.- The 
elei-atTon or depression of a lit^uid in a capillar^' luhe depends on ilie 
coftcavity.orccm- 
vc3city' of the 
mcniscufl. In a 
oonca™ menis- 
nisp {fi|f 

i07)» the Vtqmd 
molreutes are 
siistnined in 
eii^iiilibriym by 
the forces acting 
on thent^ and 

they ^erdse no da^ nwArd pru^urc on the itifcHw layers. On the ennt wy. 
in virtue of The molecular attraction, they act on the o«wt5t inferior lawn, 

frtjin ^,ch It folloirs that the prciisure on any bycr, tn«, in the interior of 
inc fuw, 14 less than if there were no meniscus. The consequence is. that 
uic liquid ought to rise in the tube until the infcnial pressure on the layer 
s^c* ^ *” presstirc, which acts externally on a point, fi, of the 

ntcnis^ 1 $ conve.s (fig. toS), equilibrium exists In virtue of the 
„,„ '^**^ ”^^*** acting on the luiuid; but ns the molecules which would 
* * 4 ajtie sji^ee eA/iff if tliere were no mnlecular action, do not exist, 
y exercue no nttmction on the lower layers. Consequently, the preasuro 
rr^cn^J'^ i^sreater than if the spice 

lin,^/ more powerful than gravity, ‘nie 

hquid ought therefore to sink in the tube until the it,temal pressure on a 
> , flir, IS equal tf> the c^ttcrml prcssurt! on any pnialp/, of Lhis layer* 

lEuO d ■'"[ UqBlfl-.-lllc <if a 

eoliiaKTra« ^ I'S bsjui>dect 1)^ gas or by vacoum; it has ijtcatcr 
ai *??r *** blcrrcir. For ron^^Uior any paxiicle 

cHictit in ^ aBimcied by ihe ^idjftisrcTit particles sti all directions 

attmetion^ aCBing iatondly ^ iU coni- 
^ h oihcr ; and as thtre are no attmctitins exerted hy the paitklc» 
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of the Nquid abflvt tht to Munifimct ihmfi acting from the interior, 

the latter will esercke n tonsidcrable pull towards the i men or The effect 
of this ii to Veuen ihc mubllity nf paftklcs: on the surface, while those in the 
interior arc quite mubilc ; tfkc surface, as it were, is stretched by an elasiic 
sksHp the effect being the same as if the surface layer eJEcrted a pressure on 
ihe interior. Thhsuifate as it may be called, h greater, the greater 

the cohesion of the liquid. 

\yhcn the surface of a liquid increases, more particles enter inlo the 
conditton of tlit surface layer, to effect which a certain aniduot of work is 
required. On the other hand, when the surface is din^mished, the molecules 
pass into [he state of the iniemaf iaj'er, and they perform work. The w'ork 
done when a square mm. of surface passes into the interior is called [he 
a/ sur/tue /cfflJiVfff. 

Ibcsurf^c tension depends on the forni of the surface, h has been 
dcEemnined in the case of spheroidal bodies, if the pressure which i* exerted 
on a fi/unt surface be called P, the pressure fi, on a spherical surface of 

radiusp, hfi ^ P + for convene, aird for concave surfaces. 

Kcncc for a aphcrDidal shell, ihc internal radius OA of which h p, and its 
thickfiess AH - ff, the pressu re of the miier layer is ^ and of the 

_ p+ft 

inner layer/■,» and the rciultnnt is iheir difler- 

P 

^ cserted inwards, since/i/,. 

This ts well illusimed by blowing a snap-bubblt on n 
gJai# mbe. So long a* the oihcr end of the m be ia closed,, 
the babble femains, the clastic (bree of ibc eneloflcd air 
counterbalancing the tension of the surface; but when 
the jtihe ts opened, the tension of the surface being unchecked, thn bubble 
gradually conimcti and finally disappears. 

Insects can often move on the surface of imter, without sinting This 
phenomenon is caused by the fact that, as their feel nnf not wetted by the 
wTiter. a de|)jt.«ioii u pn]duced,and the elastic reartiqij r>f the surface layer 
tMps them up in spile of their weigjit. Similarly a se w ing needle, gcntlv 
pJtwtrt on water, does not sink, because its surface, being emered with an 
01^ layer, does not become wetted. The pressure nf the needle brings 
Btwt a concaviiy, the surfarc tension of which acts in npnosiiion to the 
itTthe'b'otfom"'^^^ rf w.ishcd m alcohol or in potash, it at once anks 

A dnip of mercaiy' on a t.ab 1 c has a spherical shape, which, like that of 
(he heavenly bodies is due to attraction. The globule of mercury behaves 
as i! Hi molecules had no weight, since it remains spherical 'rhat is, the 

shape of the gl,.bule tf the quantity nf mercuiy is much greater; it then 

fla»ens, but always nrlains at its edge the codstsk form which atttaction im- 
parts Eci ]L 

139. Vnrt,„ wsHtwr, 1 , 1 „B«««,-The followmg facts are among 
fht m^ny tivhich arc caused by capilUriE^' ^ 
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WhcTi a capitlnr>* VOb/t it iimncrscd Sti a liquid whkh mfliateivi it, 
ii ihen carcfulkj- removed, ihc calumn of liquid In ihe tube ii seen to be 
loTVfier than whlie the lubc was iiomciwi in the liquid. This 
the fart that a drop adhere* to the lo^er cairemity of die tube and fomis n 
eontsive mentsirus, t^hich eoticurs with that of tht? upper tneniscus lo form a 

lonjfcr column (152). . 

For ihc BajTie reason a liquid d*>«^ not o^'Ctdow tn a capillary 
although the latter maj' be shorter than the liquid column which would 
otJicrwisc be formed in St, For when the liquid icachea the sop of the Sube+ 
us upper stirfaccj ihout^h pm iciusly toficave^ become* convex* and, aa the 
downward pressure becomes jjreatcr than if the surface were plane, ihe 
ascending mol ion ceases. 

][ i* from capillarity that oil nseendis in the wicks of lamp*t w-nter 
Hfics In sponge, hlbulous paper* sugar, sand, and in all bodies which 

possess pores of n perceptible size. In the cells nf plants the ^ap rises wilh 
grt.it farce^ for here wc have to do with I'essels whose diameter is less 
o'ot mm. t^fHorcscence of salts is aJso dm: to- capillarity ; a solution rising 
against the side of a vesscli ilic water evaporate** and the salt lonf^ oti the 
side a means of rurthering still more the ascent of a lii|uld, Capillarity la, 
moreover., the caufic of the following pheneinetion l—W hen a porous sub¬ 
stance, such as g^'psum, or chalk* or even earth, is placed in a poroua vcsm;! 
of imbuked porcelain, and the whole it dipped in water, the water penctmtcfi 
into the pores, and the atr is driven Inwards, so that It is under four or five 
times its usual pressure and density, 

Janilu lias proved this by ctmenting a manometer into bloch^j of chalk,, 
gype^um, &c., and he has made it probahlc thnl a pressiart of this kind, exerted 
upon the rootSp promotes the ascent of sap in plants^ 
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140, [Endoimase usd —\N"heit two differont liquids are sejja^ 

rated by a thin porous partitioru, eitlier inorganic or organic, a current sets 
in from each liquid to the other; to these cuirenis the names cWjp/ww 
and are lespectively given. These terms, which signily rw/w/jc 

from wMi^r *irtd inifuffc /rvm wifAou^f, were origlnahy introduced by 
Dutrochel, who first drew attention these phenonicna. The general 

phenomenon may be lermed They may be well illustrated by 

means of the This consists of a Song tube, at the end of 

which a membranous bag is firmly bound (fig. iio)k The bag is then filled 
with a strong syrup, or aome other solution denser than water+ such as milk 
or albumtn, and is Immeirscd In water. Tlte liquid i* found gradtiatly to rise 
in the tuhe^ to a height which may attain stverni inches ; at the *aine time, 
the level of the liquid in which the endosuiometer is inTtnersed Ijecomes 
lower, h follows, therefore, that soTne of the external liquid has piissed 
Ihrough (he inembranc and has mixed with the inlemal liquid. The 
external liquid, moTeover, i* found to enniain Aome of the internal liquid. ^ 
Hence two currents have been produced in oppcsiit directions. The flow 
f?f the liquid Eow'ards that which increases in volume is UTid the 
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current in ihc oppo^iie dlrtcticin t&fjrojflwj/. If water fs placed 3it the ba.f?, 
jind immerEicd in the syeupt cndosinose in produced from the water towards 

the i>"nip* and the liquid In the interior 
diminishes tn v'^>luine white the lentil of the 
dstcrior is raised. 

Thchei|;ht of ihe accent ifi the endnsmtj- 
meter t^ries with dirt'Crtnt Hquids, Of nil 
Vegetable substances^ sugar is that which, 
for the same density^ has ihc greatest power 
of endosmose, while albutncn has the highest 
praver n( all animal substances^ In general 
it may be said that endosmose takes plaice 
towards the denser liquid. Alcohol and 
ether farm an exception to this t they be¬ 
have like liquids which are denser ihan 
ivatcr. With acids, aDcoitting as they arc 
more or less dilute^ the endosinuse is from 
the welter tow^ards the arid, or from the add 
low'nrdii the wntcr. 

According to Dutrocliet^ ii is necessary 
for the production of cndnsmnsc: i. that the 
liquids be dllfbtent but tiapable of mixing, as 
alcohol and water-^theru is no diosmcise, for 
in-stance, with water and oil ■ ii, that the 
' ‘ ^ ' ^ ^ liquids be of dificreni densities j and iiLthat 

tro. the mem biime must be permeable to ai IcaHt 

one of ihe EObsianceSi 

The current through thin inorganic plates Is feeble, but enminuous, 
while oi^nrc membrane bare rapidly decomposed, and diosmose the; n ceases. 

The wellnknowti fact that diliite alcohol kepi in a poroua vessel becomes 
concentrated depends on eitdosmose. If a mij^tnre of alcohol and wnler be 
kept for some time in a bladdePt the volutnc diminishes, but the alcohol be¬ 
comes much more concentrated. The reason, doubtless, is [hat the bladder 
permits the diostnosu of water niiher ihnn ihat of alcohol. 

Dutrochet's meihnd Is not adaplcd for quamfiati%-e tncasuremcnt^ for it 
does not take InTO account the hydrostatic pfessure prixluced by the column. 
Jolly bns CKAnhncd ihc cndo5jno5e of various liquids by determining the 
weights of ihc bodies clifrused, He calls the em/irimff/iir ^nit^iUnf of a sub- 
r-tiincc ibe number which expresses how' many parts by weigh l of water pais 
ihrtmgh the bladder in exchange for one part by w^cight of the substance. 
The fullowing are some of the endosmotk cquivaleiiSi which be deter¬ 
mined— I 

Sulphate of copper . . * 9'5 

tr magnesium „ , 11 

Caustic potass * . ^ . aijo 



Sulphuric acid 
Alcohol . 

Chloride of sodium 
Sugar ^ 


0-4 

4-3 

4'3 

7 't 


He also found that ihe endo^iTnotlc equivalent increases with the temperaturt^ 
and that the quantities of subi^tsioces which pus in equal limes thn>ugh the 
bladder arc proporliunal to ihc strength! df the solutions. 









- 141 ] Diffmhti <?/ Z/f/wfV/j. 


113 


141. ^ilfiiiifiii or liquids.— If oil be paurtd on water no tendcnc)' (o 
intcrmiK is Qbscr\'eil„ and eten if the two liquids be vloleody agiiated to- 
gether^ on allowing ibcin m ituid^ tw'o Eep.Trute lasers art formed. With 
alcohol and the tas* \i diAferent ; if alcohnl, whitb is speeSltcuJly 

lighter^ he poured upon waterh the liquids gradually intcrmlxi spite of tlie 
diltenence of their spcci^c gruviiles t they inlo one another. 

This point may he iUustTuted by the experiment rtpreMnled in fig. tl 2 . 
A tall jar contnins water coloured by solution of blue litmus ; by means of 
a funnel some dllulc sulphuric arid is carefulJy poured in, so as to farm a 
layer at the bottom 5 the colour of the solution is changed into red, prr^ess' 
Lug upwards^ and after forr>'-eight hours the change Ls complete—a result of 
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the actinn of the acid, and a proof, therefore, that it has dilTuseJ thfoughout 
the entire mass. 

The laws of this dlfrusion, in which no porous diaphragm Is used, have 
been complclely investigated by Craham. The method, by whkh hk latest 
experiments were mnide, wtis the follcawing:—A smaJI w ide-necl;ed Isotde A 
(fig. M 1) filled with the liquid, whose rate of diflfusion waa to be examined, 
was closed by ^ thin gbss disc and placed in a larger vessel B, in which 
water was poured to a hdghi of about an inch above the top of the bottle. 
The disc was carefully removed, and then after a given lime successive 
layers w'erc carefully drawn oiT by means of a siphon or pipette, and their 
contents examined. 

The general results of these investigations may he thus stated 

i WTien solutions of the same substance, but of dinerent strengths, arq 
taken, the qnaniities diffused in equal times arc proportional to the strengths 
of the solutions. 

I i. In the case of solutions contain ing equa I weights of d ifferen t $ubsi4n ccs, 
the quiintitiea difitised vary with the nature of the subsi.mces. .Salipc 
substAnces may be dltidcd Into a number of jprew/r, iht rates 

of difiuslnn of each group being conueeted with the otherni by w simple 
ntimericAl relation. 

quantity difTuiicd varies with xhe lemperatmt!. Thus, taking the 
rate of difikuion of hydrochloric acid at 13'' C, os unity, at 4^?° C. it is 3 iS. 
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iv. If two subsiLinces whicb do nof combine be i3iia;e<l m solution^ they 
may be partiaJJy by tUlHision^ the more dii^usive one p^sini^ tmi 

most mpidiy. In some cases chemical dccumposition even may be cfiTceteH 
by diffusion. Thus, btsulphafe of gjotasskinn is decomposed Into free sulphuric 
acid and nettEml siilpfiaEe of poiassiuim 

V, If liquids be dilute a stihalance ^-iO diffuse into wTiter, containing 
another suhsiante dLssoEved^ aa into pure water; but the rate is n^aierially 
reduced if a portion of the sime diffusing substance be already present. 

'l^hc following table gives tbe approximate tiitica of equal diffusion :— 

Hydr^hloric add , , , i m Sulphate of magnesium . . 

Chloride of sodium * * . 23 Albumen, + * . . 49-0 

^jugar« p + r . . Carmnel . 

It will be seen from the above table I hat the difference between ihe 
rates of diefuslon Is very great. Thus, msulphate vti agnesium^ one of the 
least diffusible saline substances, diffuses y times as rapidly as albumen and 
14 times as rapidly as carnmel. These last substances^ like hydnited silicic 
acid, starch, dextrine, gum, Sc., constitute a class nf substances which arc 
characterised by their incapcity for t.iking the eryitallinc form and by the 
mucElaglnouFi chatTaetcrof their hydrates Considering gelatine as the type 
of this cL^s, fJrahfljn has proposed to call them in 

conmdistinction to the far more easily diffusible substanci^ 

rhis is pduibly nwing to the fact that the latgtr urioteciiles only pass with 
difficuliy through minute apenurcj^. 

Ciahnim has proposed a meEhod of separating bodies based on their un¬ 
equal diffusibiliiy, which he calls His dtxi/yjtr (fig. 113} consists of 
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a ring of gulca pmhn, over wtikh is stretched while wet a sheet parch- 
iiicnt paper, fomiiag thus a vessel aboul two inches high and ten inches in 
diameter, the ^tom of which is of parchment paper. After pourlnij in 
the miaed wtuiion to be dla]y«d, the whole ia floated on avesseJ c.mtaiiilnif 
a verj- lari^ quantity of water (fig. 114J. In the course of one or two days 
St mote or leu complele separation will have been eflected. Thu# a solution 
or arsetuous acul mised with variwis kind* of food readily dsfloses oul The 
process has reeeircd impoitant applications to laboratory and pharmaceutical 


rnosmosc plays a itiMt important part in oTganic life ; the cell-walls are 
liquids in the cells set up tliosniotic com- 


_ 142 ] Endasmoii: of Gases. 11 5 

143. saii(»in«i« Of f«i 00 . The phcnonicna of ctiiiosiMow are seen in a 
high degree in the case uf gases, the treatmeni of which we may here anti¬ 
cipate. When two different gases are acpaniied by a djaptiragre, an 

ititcrehangc takes place between them, and dtimatcly the compofiitiDn of 
the gas on both aides of the diaphragm is the same; hut the rapidity with 
which differaM gases diffuK mto each 01 her under these circumsmiiM 
«iics considerably. The laws respilating this phenomenon hatre been in¬ 
vestigated by ITrahain. Mumerous cKperiments illusltaie it, two of the moat 

inte«5tinK <if whicrb lire th^ faliowiini _ - n, 

A cyUntlcf closed at one end is filled with carhonic Acid ils 
open end (icd over wUh a bladder, and the whole placed under a js-ir of 
hydrogens DilTusion takes place between them ibrotish the poroos di^ 
phrngm^ and after the tapse <pf a certain linie hydrt^en has passed Ihrotign 
the bladder into the cylmdrlcal vessel in much greater quantity thani the 
carbonic add which has passed out, so that the bladder bcOMucs vro^ much 
disumded outwards (fig. 115>- If tlw cylinder be filled with hydreftn and 
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the bcU'jar with carbonic acid, the re^er&e phenomenon will be produced— 
the bladder v^ill be distended inwards (fig. tt&)s 

A lube about fi Inches long, cloiied at one e nd by a plug of dr)' phi^^ter 
of l^rls, ii filled with dry hydre^en, and Its open end then irnmersed in a, 
mercury bath. Endosmose of the hydrt^en towards 
the air takes place so mpidly that a partiaJ vacuum is 
produtetl, imd mercury^ rises in the tube to a height erf 
several inches (%+ i iyj* If several such tubes are 
filled with dilTercnt gases, and allowed to diffirfwr into 
the air in a similar manner, m the same time, dilTerent 
quantities of the various gases will djlTuse, and Graham 
found that the law' regulating these dllTusions is that 
fkefor^t flf tj as /ks s^u^ri- nw/j */ 

^ gof^s. ’fbus, if iw-o Vessels of equal 
capariiy, containing oxygen and hydrogeity be separated^ 
by a porous plug, diffusion takes place; and after the 
lapse of sonve time, for every one part of osygen which 
has passed inio the hydrogen, four parts of hydrogen 
have passed iniD the oiQ-gen, Now the density of ... 

hyebogen being l, that of oxygen is hence ibe force of diffusion is 
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in vcr»|y us I he liqunrc rrwns of t hese nLiinbers. h is four times us in 
the one w hich hn s rhc density of I he othe r. 

Let I he stem nf an nrdinar>' tobacco jjjpe he cemcntedi so timt i ts ends 
pmjm, in an outer glass tube^ can be cdonccicd with an nir-pump 

and thus ci^iiHiusEcfL On then a sEuw^ current nf nir to enter one 

end of the pipe, its nitrogen dinfusesi more rapidly on its w',iy through the 
poroLis pipe ihan the heavier o-vj-gert^ so that the gns which cmci^es at the 
oilier end, and ivhich can tse collected^ is in web richer in oxygen. 

M3' BJroiJon anil traaiplratlon of ga& Can only flow 

frotn one space tn another space occupied by the same gas when the pressure 
in the one is greater than in the other. is the term appEied to the 

phenonicnnn of rhc passage of gaijcs into vacuum, through a minute apertu.ro 
imt much more or leas than 0*01 j mitlimctfo in diatneterp In a thin plain of 
metJiJ or of gliAs ; for in a tube the friction of gases comes Into play, and in 
a larger aperture the particles would strike against nnc another and form 
eddies and w biripools. ‘J he velocity of the einiix is measured by the formula 
In which * represents the pressure under which the gas flows, 
expressed in terms of the height of a column of the which would exert 
t he same pressure oif that of the effluent gas. Thys for ai r under the ord mary^ 
pressure flowing into a vacuum, the pressure is equivalent to a column of 
mercury ^6 centimetres high \ and as mercury^ is appreximately 
Times as dense as air, the equivalcnl column of air w'tll be 76 centimetres 
X Ea,|£» -7;^ metres. Hence the velocity of efflux of .air into vacuum is 
- ^^2 M 7,9Sd« 395-5 jiieires. This velocity into vacuum only holds, 
however, for the first moment, for the space contains a continual ly-intreaslng 
quantity of air, so that the velocity becomes continuiilly smaller, and is null 
when the pressure on each side 15 the same. If the height of the column of 
air^ft corresponding to the external pressure, isknowTi, the velocity may be 

L'HtCn t J T'k*i .. . _ > A jt « 
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When a fhoraus body such as a piece of charcioAK whkh ccm- 
scquently presents an inimcmcly increased surface in pfP|KirtiDn to its siic^ 
is placed in a ^’csse! of ammonia gas over mercury 
(fig. ii8)^ the great diininution of volume which en* 
sues indicates that cansidembk quantities of gas 
arc absorbed. 

Now, although there Is nn absorption stich as 
arises from cheniicHil combinations between the solid 
and the gas fas with phosphorus nnd oxygim), stiti 
ihc quantity of gas absorbed it not entirely dependent 
on the physical conditions of the solid body ^ it is in¬ 
fluenced in some tneasuire by the chemical rkatune both 
of the snjtd and the Boxwooti chnrcuni has very 
great Hbsorpiive power. The following table gives 
the ^ccluines of gas^ u nrfer siandanl conditions of lem- 
peralure and pressure, absorbed by one volume of 
boxwoiKl chnzxioal and af meerschaum respectively: — 



Ammonia 

H>'dnK:hloric acid , 
Sulphurous add 
Sulphuretted hydrogen - 
Carboittc add ^ 

Carbonic nxlde . , 

O*y(feo . . , 

Nitrogen ^ 

Hydrogen 


fltr II*. 

t-liarriMi ^ecTK^UTiif. 


* 50 

■ 85 

■ H 

^ II 
^ 35 

* 94 

. ShTs 
- 7'5 
, 175 


il 


1 E 

S3 

1-5 

13 

1'6 

03 


The abatirption nf gases is in geneml greatejf in the case of iKmc which are 
most easily Uquehed. 

Coc^nut cbarcnal 11 even more highly absorbent; it absorbs jyj of 
amnionini, 7 J of carbonic add, and loS of c^Tinogen at the ordinary prcs&ure ; 
the amount of absoqs^lon Increases with the pressure, 

The absorpti^^ power nf pine chaoroal is about hrtlT as much as that of 
boxwood^ The charcoal made from corkwood^ which is very porous^ ts not 
abiotbent, neither is graphite. Platinum, in the finely divided form know u 
35 pbitinutn sponge, is said to absorb 2^0 times its volume of os>^'en gas, 
Many other porous substances, such as incerschaun\ g>'pfttim* silk, aru 
also highly absorbent. 

If a coir be laid on a plate of glass nr of metal, afier some time, when 
the plate is breathed on, an tnuige of the coin appears. If a figure is traced 
nn a glass plate wnlh the finger, notliing appears until the p!,ite is breathed 
flUt when the figure at nnee seen. Indeed, the traces of an engraib'ing 
which haa long kid on a glass plate may be produced in this way* 

These phenEimena arc known rmq^j^ for he first investigated 

them, although he ex pkti ned them crnvncously* Th c correct csplanation w as 
gtien by Wnidele, who ascribed ihetn to alterations in the layef of gas* 
^apourp and hive dust which is condensed on the surfitce of all solids, if 
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this layer is removed by wiping, on after»'ai‘d& bicfltlimg against the surface 
mon; vapour is condensed on the marks in question, which then present a 
dkffcrciiT appearance to the rest* 

If a die or a stamp is laid nn a freshly pnlished metal plate, and one 
therefore which has been deprived of tes atmosphere, the layer of vapour 
from the coin will diffuse on to the tneial plate, which thereby becomes 
altered ; m that when this is breathed on an impression is seen. 

Conversely, If a coin be polished and placed nn an ordinary plate, it will 
panially remove the layer of gas fmm the parts in contact, so that on 
breathing on the plate the image is seen, 

Uy oocleiiiMi.- Cmham found that at a high temperarurc plnimum 
and irrm allows hydrogen to traverse them even more readily than does 
caoutchdiic tn the cold Thus while a square mclne of caoutchouc trot 4 
mitllmcties in thickness allowed cubic cciittmetres of hyd^en at 20^ 
to traverse u in a minute, a platinum tube fi miliimretrcs in ihickness and 
of the same su rface allowed 489 cubic ceotimetrei to t rttiurrsc il at a brigh l 
rtd heat. 

This IS probably connected with the property whkh some metals, though 
destitute of physical ptircs, pesaess of at^rblng gases either on iheir surface 
or in their mass, and to which Graham has applied the term It 

is best nbimed by allowing the heated metal to ctM>t in contact with the 
gas^ Tilt gas cannot then be extracted by the ak-pump, but is diseng^ed 
on heating I n this way Gr^iham found that platinum occluded four times 
its volume of hydrogen: iron wire 0 44 limes its x'olume of hydrogen, and 
4" 15 volumes of carbonic oxide t silver reduced from ihe oxide, absorbed 
about seven volumes of oxygen, and nearly one volume of hydrogen when 
heated to dull redness in these gas^ 'this property is most remarkable 
in palladium, which absorbs hyd rogcfk* not only in cooling after being heated^ 
but oNo in the cold. W hen, for instance, a palladium electrode is used in 
the decomposition of water, one i-olunic' of the metal can absorb times 
its volume of the gas. This gas is again drix-en out on being heated, in which 
respect theie is a memblancc to ihc snlution of gusi:* in Htjuids. fly the 
occlu^alon of hydrogen the ^’ofume of palladimn Is incftastd by 0^5^27 of its 
original amouiit,^ l^m which it follow's that the hydrogen, which under 
ordinary drtuiiistancea has a dcntilly or)e(Oqi8954b that of water, has here a 
density nearly 9,863 times as great, or about o’SS that of water. Hence the 
hydrogen must be in ihe liquid or even solid slate t it probably forms thus 
nn alloy with palladium, like a true melal^a view^ of this gas xvhich is 
strongly supponed by Independent ehcmkal consldertition&. The physical 
properties in so far as they have been exainined, support this xatw of its 
being an sUloy. 
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CHAPTER L 

f^ROPEfiflES OP OAS£^. ATSIOSFHERE. BAROMETERS, 

146, Pbytfcftt propcrtln of nrc bodJea who^c molEcultiS 

nnr in a constiiiit state of mol ion, in inirtue of which itie>' possess the n^ost 
perfect mobiiLty^ and are cDnibually tending to occupy a gn:ater space. 
This property lif is known by (Ht cirr/a^/rV 

fram which tlity are often caJted rA^s/UJfuMs. 

G&si^ and liquids have several properties in common^ and some in w^hkh 
they seem to differ rtre in rcahty only different degrees of the same property. 
Thus, in both, the particles are capable of moving ; in gases quite freely; Ln 
liquids not quite freely, owinj? to a cerlain degiee of viscosity* Doth are 
compressible, though in v^ry diflerent degrees* If a liquid and a gas both 
ci:iat under the pressure of one atmosphere, and then the pressure be 
doubled, the W'aier is compressed by about the |jl^ part, while the gas is 
compressed by^ oue-halC In densiiy there Ua great difference; w'ater, which 
is the type of liquids^ iis 770 times as heav>^ as uir, the type of gaseous bodies, 
while under the pressure of one atmoifpheire* The property by w^hich gnses 
are distinguished from liquids is thdr tendency to indehnite expansion. 

Matter assumes the solid, liquid, or gaseous form according to the relu' 
live strength of the cohesKt: and repulsire forces esertftd bclween their 
molecules^ In liquids tliese forces batance j in gases repulsion (aS7) prepon^ 
derates. 

By the aid of pressure and of low lemperetures, the force of cohesion 
i^y be so far increased in many gases that they are readily convened into 
liquids, and we know now that with sufficient pressure and cold they may all 
be Hquehed, On the other hand, heat, wbidi increases the I'lva of the 
molecules, cnnveits liquids, such ns water, alcohuL, and ether, into the aeriform 
stare in which thej- obey all the laws of gases* This aCrifortn state of liquids 
is know'n by the name of while gases are bodies whichp under ordi- 

iuir>' lempcjalure and pressurev remain in the aerifonn stare* 

In describing the propertiea^ of ga^es wc shall, for obnoas reasons, ha%e 
exclusive reference to atmospheric air its their type. 

147- SKpajMlblllty' ax giueii.— This property ofga^es, their tendency lo 
assume continually a greater volume, is exhibated by means of the following 
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cxprnmcntA bliiddcr, cloMd hy a stt^pcock and biiirfull of air, is 

pbiccd iindtr ihc nrccivcr oi the ^ir-pump (ft^, a vacuLim is pm- 

dijced^ an which ihe bladdpr in^irediaicly 
distends. This arises (mm the fact tJiat die 
incp]ecuk$ pf air dying abotit in all dircttiuns 
press again&l t he sides of the bladdc r. \! iider 
oidinar)’ conditions^ this inicma] pressure h 
cotinterbnianced by the air in the receircr, 
ahich exerts nin equal and contrary' pressure, 
Ilut when this presstire is removed by es- 
hjiusfing the receive the intemaE press^ire 
becoincs evident. When air is odiniiccd into 
the receiver^ the bladder resumes its original 
form. 

fdiS. CdmpreaatniUcy ef Tlic 

coinpressibiiit)' nf ^ases is readily shn^vn by 
the (f}^. lao}. This con¬ 

sists of a stout tube closed at one end 
and pjruvided with n tighuj-ittlng solid piston. 
„ When the rod of the pisluii is pressed, it 

inovcs dottm in the tubci and the air becotttes 
compressed into a suialfer volume ; but as soon ns t]ie force Is removed the 
air regains its original volume, and the piston rises to its former position. 
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14% Wvt^lii of raaefti— From their i^xtrcme fluidity and expansibility, 
gases seem to be un^nducnced by the force of gravity: they nrvcrtheless 
possess weight like solids and liquiils. To show this, a glass globe of 1 or 4 
quarts enpacit> is taken (fig. 121), the neck of wdiichisprm Med witha stop, 
rwk, which hertiietically cli>3cs It and by whkh it can be screwed to the 
ptnte of the air-pump. The globe is then exhnustedf and its u'elght deter¬ 
mined by means of a delicaie balance, Air is now a!towed to enter, and the 
globe again weighed The weight In the second case wiEI be found to be 
greater titan before^ and, if the capacity of the vessel is known, the Itiercase 
weIj obviously’ be the wreighl of that volume of air. 

Uy a mmliheatlon of this methmi and with ibe adoption of ccrttain pre- 
cautions, the weight of air and of othergai^es has been determined Fcrlmus 
^e most accnrale are those of Rejitnniill, who found that a litre of dry air at 
and under a pressure of 760 mitllmetres, weighs 1'203187 grammes. 
Suneca L^re of water (or 1,000 cubk cenrimetresj at o* weighs 0^9^77 
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^r^inine^^ ibc density’ ftf aJr is 0100129534 that tif uTiter under the same draiin- 
stance ; that \% WMicr is 775 times as hesivy as air. Expressed in Ent^li^h 
measures^, 100 cubic inches of diy air under ihu ordinary at- 
Jiicispheric pressurt «f 50 in. and at the temperaiureof 16® C 
iftciijh. 2 1 grains ; [he same volume of carbonic acid gas under 
the same circunLatariccs wci|£hfi 47’35 grains; jm cubic 
inches of hydtngen, [he Ifghtu^kt nf all weigh 2-14 

grains t and too cubic indies of hydriodic acid gas weigh 
146 grains. 

[5^. Preisnres e^xortud C3tcrt on their 

own molecules and on the sides of vessels which contain 
th™, prcssurcit which may be regarded from two paints 
of view. Firsts wp may nqjicct the weight of the gas; 
secondly, we may take account of its w-eight. If w^e neglect 
the weight of iiny mass at rest, and only consider its 

cx|iajisivc force, it udll be seen that the pfcsstircs due lo this 
force act with the same intensity an all points, botli of the 
mass itself and of the vessel in which it is enniained. For 
It if a necessnr)' eonscquence of the elasticity and fluidity 
«f (tases, that the repulsive force bci^vccn the niuleculcs is 
^e same at all points, and acts equally in all direcLtons. 

This princlpile of the equality of the pressure of ffascs in 
all dii^tioas may be shown esperimenially by means of an apparatus 
rcMi^hnjf that by which the same principle is demonstrated for liquids 

_wnsidcr the weijfht of any gas we shall see that it eiies rise ta 

pressurtf which obey the same laws as those produced by the weieht nf 

"it^' 'ts uais vertical, several miles high, 
ih«^ ^ tind full of ajr. Let us consider any small portion of 

the air enclosed betweert twn horiionlal planes. This portion must siisuin 
tbe weight of all the air above it, and transmit that weight to the ,air beneath 
■ "i 1"^’*''“ .**'® ^trved surface of the cylinder which cnntains it, and 

at e.ich point m a direction at Hght angles to the surface Thus the pressure 
inCTcases from ihc top of the columa to the base; nt any given layer, it 
acto eq^xlly on equal sorfaces. and at right angles to ihem, whether they 
ate hotirontal vertical, or inclined. The pressure acts on the sides of 

surface it is equal to the weight of a columa 
height its distance from the 
md rf! column. TFic pressure is also independent of the shape 

same” "^*'*"* *^^ supposed cylinder, provided the height remains the 

** tilt piessurcs due to lu weight are quite in* 

ijSc^"tha^l!l!5 ^ but for large quantities, like thcaimo- 

ipncre, the pressures are considerable, and must be allowed for. 

of ab w Wi! ^ eoi>>p<»l«oii.^nie atmosphere is the layer 

motion rif r“'' ^P*''- “ of the rotatory 

W for L ^i c^hitivcly to terrestrial obiecis 
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It-ls ijascnliallj? a mature of OK^-gen and nitm^cn gases ; 
po^UioTi by %'oluxne being as fnlltiw5 :— 

Xiirogen 

Oxygen 

Aqueous vaptmr 

Carbonic acid, . + . . ^ - 


its average com- 

< 78 49 

. ^0-63 

* 0 ‘S 4 

0^04 


looxio 


The carbonk acid arises from the respimton of antmaLsr from the pio- 
cessos of coinbustionT and fnjin ihe decoinposiliim of organic substances. 
Kirtiss^ingauti has estimated thoii in Paris the fejUowing quantities of car- 
bonk acid are pn^duced every ^4 hours :— 

By the pKipolaiiun and by animaf^^ - iijSqj^OoO cubic ket 
By processes of combusiioTii ^ lot.ooo „ 

Toj^g^fi^tioo 

NntHithstanding this cnnrmoiifi cotiiinual production of carbonk ackS 
the ccimpi^ition of the atmosphere doM not vary *; for pianls in the process 
of vc^ietatinn decompose the carbonic arid, assimilating the carbim, and 
rcsioring to tht; atmosphere the oxy-Kcn, which is being contlnuaJly con¬ 
sumed in the pTocc-wes of respitation and combustion. 

153. AnaeftplieHe preiAii». If we neglect the perttlrb^itions to which 
the atmosphere is subjccq as being inconsidernbic^ wc may consider it 
aji .T fluid sea of a certain depth, surTfnmditig (he earth on all sidcs^ and 
t3<ercising the same pressure as if it w'ere a liquid of very small density. 
CnnsequenlEy\ the presauft on lIic unit of area is constant at a gii cn ]cvclt 
being equal to the w^eight of the colunni of atmosphere above that level 
whose horizontal section is the unit of area. It will act at light angles to 
the surfaccj whatever be its posiiion. It will dtniinish as we ascend^ and 
increarSe as we descend from that kveL Con’sequenily^ at the same height, 
the atmospheric pressures rm unequisil plane surfaces will be proportionat m 
the arciis of those surfaces, pruidded they be small in propurtton to the height 
of the atmnffphcTc. 

In virtue of the eTcpansi^ c force o^ ihe aift it might be supposed that the 
moletiilcs would expand indehnitcly into the planetary^ spaces. But, in pro¬ 
portion as the air expand^^ its e.\panslve force decreases^ and Is further 
w eakeited by the low temperature of the tippe r regions of the aimospherefc so 
thaq hte a certain height-,an equilibrium is established between the expansive 
furce which separates the molecules, and the action of gravity which draws 
them. tuwMrd-s the centre of the earth, ft is therefore cdticluded that the 
atmosphere is limited. 

From the weight of the atmosphere, and its increase in density^ and from 
Ehc obser^Titjon of certain phenomena of tw ilight, its height has been esti¬ 
mated at from 30 to 40 milesF Above ihai height ihe air is extremely rareded, 
iind at a height of ^ miles it is assumed that there is a perfect vacuum. On 
the other hand, meteuhrites have been seen at a height of 3 oo miles, and as their 
fuminosity is undoubledly due to the action of air^ there mu.it be air at such a 
height. Til is higher estimate is supported by observations made at Rio 
Janeiro on the iw-illght arc, by M. Liais, who esdmates the height of the atmo¬ 
sphere ai betw^een i^and 3 t 2 mikst. The question ai to the exact height of 
the atmosphere must therefore be comidered as still aw^aiitng settlemeni. 
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A5 it has bc<^n prevtpusty stated that 100 ciihic mches of air wcij^h 31 
^tAtns, it will readily |?c coaedved that the whole atmosphere exercises a 
considerable pressure on the surface of the earth. The existence of this 
pressure h shown by the follow InexperimentaL 

T53. CnwblOff torce O'f tu* ntnio^plieFfi. —On one end of a stout 
cylinder, about 5 inches high, and open at Iwth encU^ a piece of biiidder is 
lied quite nir-light The other end^ the edge of 
which 15 gmund and well greos^l. is pressed on 
the plate of (he air-pomp {hgn 122)* As soon as 
the aic in the vessel is rarefied, b>' working 
the air-pump, the hladdisr is depresjicd by the 
weight of ibc atmosphere aboi e it, and finally 
bur&tj> with A loud report caused by the sudden 
enttance of the ain 

(^4. Irita^do&iLrc heznliplierfllt^ —The prc^ 
ceding expenincnt only serves to illustrate the 
dovv^oward pressure of the aimosphete. Wy 
means of ibe Jfa^t/fAurg jk^mssfiAiTtri (fig^ 123 
and 1241^ ihc ttii'caEiort <if which is due |o Otto 
von GueiickCi burgnmaiiter of Magdeburg^ 
con be shown that the |yrcssure acis iti all 
directions This appataius consists of two 
hollow brass hemisphErts of 4 to inches 
diaincter^ the edges of w-hich are made to fit 
lightly^ and an; well greased- One of the hemispheres is pro^aded whh a 
stopcock^ by w hich it can be screwed on the air-pump^ and on the other ihrrfl 



Ftg. 




Tiff* ra> 


FFt r*#. 


is a handle. Aa long as the hemispheres contain air they can be separatKl 
without any difhculty^ for the external pressure of the atmosphere is eounter- 

G 3 
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bnlaiK^Ml ihc frljistic force of the nlr In the interior. Hm when the air in 
the iitterior is pumped (vut by menns nf the -sdr^puTnpr the hemispheres 
cannot be separaied wiiliout a powerful effort \ and as this Is the case In 
whatever posifinn they are htld^ it follows that the atmosphtric pressure h 
tmnsiTiiit^ in all directions. 

niTTPRlIlISlATION' OK TtlF. ATMOSPHKRIC PRKSStiRR. BAROMKTRRS, 

1 55* Torrtceiirji BipeTtmont. The n\$ovc cKperiments dciiionstrare the 
caisicocc of the atmospheric pressure^ hot tbe>' gi\x nn precise indlcatiui^ 

as to its nttsount. The followiit]; experi- 
iiientp which was first made, in i&4J(i by 
Torricelli, a pupil of Galileo, nn 

eicacl measure of the weight of the atmo¬ 
sphere. 

A fflass tube Is taken, about a yard 
lon^ and a quarter nf an inch internal 
diameter (fig. It Is sealed at one 

end, and is quite hlled with mercurj^ 
The aperture C being clrHCif by the 
thumb, the tube is Invertcdr the open end 
placed in a SToall inerctir>'^ trough, and 
the thumb removed. The tube being in 
a ^xrtical position, the column of mercuo' 
sinks, and, after oscillating some time, it 
finally comes to rest at a height A, which 
at che level of the sea is afcsiut 50 inches 
above the ntercury^ in the trough. Tlie 
mercury is taiscd In the tube by the 
pressure nf the atmosphere on tlie mer¬ 
cury in the tmugh. There is no contrary' 
pressure on the mercury m the tube, 
because it is dosed. But if the end of 
the tube be opened.^ the atmosphere will 
press equally inside and outside the tube, 
and the mercury will sink to the level of 
that in the trough. It has been shown in 
hydrostatics (toS) that the heights of ivto 
eolumns of liquid in communication with each nlhcr are intxrsely as their 
densities, and hence it follows that Ehe preMurc of the atmosphere Is equal 
m that of a column of mercury, the height of which is jo inches. If. however^ 
I he weight of the atmosphere diminishes, the height of the column which it 
can sustain ttmst aliu dlmtnliK 

156- Pue*]'* Pascal, who wishcfl to ascertain whether 

the force which luitained the mercury in the tube was realty the pressure of 
the atmosphere, made the following experiments. L If it were the ciLse^ the 
culumn of mercury ought to descend in proptirtton Jis we ascend in the 
atmosphere. He accordingly requested one of his telatioos lo repeat 
Torricelli’s experiment on Ehe summit of the Puy dc D6ine in Auvcr^c. 



llg. Ilf. 
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This vc^s dtsnfr, and it wH-s ftiund lhal the mctrtirial coluititi was abtsut 3 
inches lowcrt Thus proving th^i it is resilty the w^^tght nf ihc almosphere 
whkh suppons the incrcur>‘, since^ iii'hcii ihts weighi diminishes, the heignl 
of ihe column als* dinn'mishesi- li. Pascal repeated Fomccllis expen mcni 
M Rouen, in 1646;, wiih olher litjuids. He look a lube etosed at one end, 
nearly 50 feel loti]^^ and,! having filled il vviih water, phictd It vciticalty in n 
vessel of Hvalcr, and found that the water stood in the tube at a height of 
34 feel j that is^ i J'fi limes as high as mercury. But since mercuo^ ^3"^ 
times as hca^^' as water, ?he weight of the coluiiinof w ater was ewicTly 
equal to that of the column of mercury'm TorncelJi's experiment, and il was 
consequently the same farce, ihe pressure of the atmosphere, which succes- 
sively ^uppnriedthe iwo liquids, Pascal's other cjipcnmtnui with oil and 
w'iih wine gave similar results, 

157. .&mouiit of tfep fttmoopliorlo proisoro- —l^t us assume that the 
tube in tiie abiiwe expcrtmeni h a cylinder, the section of wiiich is equal tn a 
square inch, then, since the height of the mercuriai column in round niimbcrs 
h JO inch«i the column will contain jo cubic inchesL, and as a cubic inch oi 
meroiry weighs 3*|33'3 i^lns—o'49 of na pnnnd, the pressure uf such a 
column on a square inch of surface Is equal to 34*7 pounds. In tou.nd 
mtmberTt the pressure tif the atmosphere is tak.cn at 15 pounds on the square 
inchr A surface of a foot square contains 144 square Enuhes, and therefore 
the presHure upm it is equal to e60 p.iunds, or nearly a [on. Espressed in 
the Enctrical system, the standard atinijsphertc pressure at and the sea 
level is 7G0 millimetre-^ which is equal 1029-51217 inches; and a calcula- 
tton similar to the above shews that the presaurc on a square centimetre i* 
» 1-05396 kilogramme. 

A gas nr liquid which acts in ^uch a manner that a sqtiare inch of surface 
is cxptiicd to A pressure of i $ pounds, is called n pressure of 
If, for instance, die clastic torcc of the steam of a boiler is so great that 
each ^uare inch of the intemul surface h cstposed lou pressure of 90 pounds 
( o 6 K I ^), we sfiy it is under a pressure of six atmospheres. 

The surface of the body of a man of middle siic is about [6 square feel; 
the pressure^ therefore, which a man supports on the surface of his btidy is 
55^560 pounds, or ncnirly 16 tons. Such an enormotui pressure might seem 
impossible to be home ; but il must be remcmbericd th.vtj in all directions, 
there are equal and Contrary pressures which rrounterbahmee one anojher. 
I t might also be supposed that the etTect of this force, accing in all directions, 
would be to press the body together and. crush it. Bui the solid parts of the 
skekirn could resist a far greater pressure t and as m the air sind liquids 
contained in the organs and vessels, the air has the s,imc density as the 
external air^ and cannot be further compressed by tire atmospheric pressure ; 
and from what has been said about liquids (9S), it is clear I hat they Eire 
virtually tncempressibicr VVhen the excemal pressure Is removed frEsm any 
piicT of the body, either by means of a cupping vessel nr by the air-pump, 
the pressure from within U seen by the distension ^^f the surface. 

J 3S. kildierflat kind* ut tfUTnib^terfl. —The instnuncnts used for 
measuring the alniosphcnc pressure are called i^wwc/cry. In ordinary 
barometers^ the pressure Is measured by the height of a column of mcroiry, 
as in Torricelli's experiment ^ the baromeTers which wc arc about la describe 
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urc of this kbd. Byt ihcre ajtt bArciin-eteri without any liquid, one of whidu 
thq- oneroid (iSj^ U remnikoble for iia a|mp] icily and portubiliiy. 

159, CL»t«ra taajaxii«t 9 r«- The aj/enj ^anfme/er ronsUtJ! of o siraighf 
ffUevti tube dosed at one eod, nhnut 33 ioclics hfled lAfth and 

dippinit into a cist-em eoniJiining the same metal In order to Tender the 
barometer more poixabtei and the varktions of the icvel in the cistern less 
|>crccptibk when the mercur)' riaes or falls in the lubo, several dl^Terent 



its- mr- f»s. 


forma have been constructed, Fip, 126 represents one fnmi of the ciatcm 
harometer. The apparatus h fis:cd to a mahogany stand, on the upper part 
tri" which there ti a scaJc gradualed in mitriinieires or intb^ from the Icvd of 
the mercury in the cistern: a movable indes^ 4 dlows on the Kale the 
IcxtI of the mercuric A thermomeser on one side of the lube indicates the 
ternpemture 

rhere is one fault to which this barometer is liable, in common with all 
others of the same UitmL The rcro of ihc scale does not always carri^poud 
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to the IcvcJ nf the mercury’ in the dstcrn. tht attwosplieric preisune 

15 Tioi ill way a the wnc, the lieij^hl of ihc nitifcurial column varies ■ iiiovt- 
times mercury^ \i forced from ihc dstern into the lulic* and sonic[imes fTom 
the tube into the cistejn, so that, in the majorily of discs, the graduation of 
the haronwtef docs not indfcoJc the true hcijfht. If the diaineter of the 
cistern is rclaiivcly to thajt of the tubc^ the errtfr fnim [his source is 

Lessenedr The «f the barometer i^. the distance between the levels of 

the mercury' in the tube and in the dslerrir lienee the baromcier should 
always be perfectly vcnicii]+ for^ if not^ the lube being inclined, the column 
nf meroiry is elongated (fig. 127), and the number read off on the scale is 
too Eteau As the pressure which the mercury' exerts by its weight at the 
base of The tube is independent of the form of the mbe and of its diameter 
provided it is not capillary^i, the height of the barometer ij^ independent 
of the diameter of the tube and of Its shape, but is in^'eniely :is the density 
of the liquid. With mercury the mean height at the level of the sea is 39 ’ 9 S, 
or In round numhera jo, inches 1: in a water barometer it would l>e abi>ut 34 
feet, nr io'33 metres. 

The ■ Philosophical Magazine,'voL sxx. Fcrtirth Series^ page 349^ contains 
a detniilcd aeconnl nf a methral of constructing a water baromeinn 

160. Tortia'i barometer-’— /'pr*Wj /rrir^me/^r differs^ fmm that yUsl 
described, in the shape of the cistern. The basre of the cisEern is made of 
lealhcT;, and mn Izc raised ur lowered, by means of a screw ; this has the 
advantage, that a con^'tani level can be obtained, and also that the instru¬ 
ment is made more iMinablC: For+ in travelling, it is only nerCssary’ In 
raise the Scalher until the inennjry'^ w hich ri;iis with Tl,qtite fills rhedstem ; 
the bammcler may then be inclined, and even inverted, without any fear 
that a bubble of air may cnter^ or that the shoeh of the mercury' may crack 
the tube. 

Fig. 12S represents the arrangemenE of the baromelcr, the tube of wliich 
is placed in a brass case. At the top of this case there are two longitudinal 
,Tpriture5^ on opposite sides,, so thaE the level of the mercury^ B, is seen. 
The scale on the Case Is graduated in millimetres^ An Index moved by 
the handrgivcs^ by means of n ^ emiertthe height of the mercury to -^^ih ivf a 
Enillimctre. At the bcntcun of the cint there is a cisitem containing 
fnencury, O. 

Fig. 129 show's the details of the cistem rm a larger scale. It consists of 
a glass cylinder thrtmgh which [he mercury^ can be seen ; this is closed at 
the lop by a bos^wocNd disc fitted on the under surface of the brass cen-cr ^1. 
Through this passe.5 the harnmeter tube W'hich is drawn out at the end, 
and dips in the mercury'; [he cisicm and the tube are cr^nnected by a piece 
of buckskin which is firmly tied at r ina CDnEraction in the tube, and at £ 
in a hrais lubulurc in the cover of the cistern. This tnede of dosing 
preventtt ih* mercury' from escaping when Ehe barometer \a an verted, white 
the pores of the leather transmit the atmospheric pressure. The botEtini of 
the ty'linder ^ is cemented on a box-wood cylinder «, on & domructinn in 
whlch^ //, h tirmly tied the buckskin r^m, which forms the base of the dstern. 
On this skin is fastened a wooden button x, which rests ag^ainst the end of 
a screw C. According as this is turned in one directlun or the oEhcr, the 
skin fNff li rajsed or lowered, and with it the mercury'. In using this barci- 
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ni"«er lh<= mercury « a^r ™ae es^tly In-cl with l».c pcint /r, «1.kh « 
cflcct«(t by tuminsf the screw C either m one directioe ot the other. The 
SialinLf the settle k counted from tliis poml «, end thus the d.stence 
<if the top B of the enliiiinn nf mcTCuTy from C'vCS the height rd tjie 
harometer!^ llic bottom of the dstem is surrounded by ft brass case, w-hich 
is (nstened W the cover M by screws, -f, A j- We hove ^ 

the importMcc ofhannK the baremetcr quite verucal, which is eBecied by 
the fbllna^nit plan, known as tWdw’j fvspensii>it, v 

The metal case containing the bammtier is fided in ft cop|»r shcaih X 
by two screws « !«it> ^ (fifi- ' 3o)- « prm^tkd with two aides (only one 






F\^ 


af which* p* Is itcen tn the ^ hich twrii freely in two holes In a ring V. 

In a din-dion m rifiht to that nf the axles, ihe ring has al&a iw-o 

similar axles^ m and n, lesdng nn a stippnrt Z* By means of this double 
ftQ&pcnslon, the baromcier oan oscillate freely about the axes^ w/i and m 
two diTecEinns at right joigles to each oEhen Bui as ts lalsen that the 
point at which iheso axes ettssa corresponds to iht tube itfelf, the centre of 
^ gravity of the sysiiMn, which muat jdxva.j's he lower than the axia of aospen- 
iion, is below the point of inlcrscclion, a.nd the barometer is then perfectly 
vertical 
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i6f. Caj-LniAAD'A ij^tioD baroamE^r. —The syphdn baronietcr is $ 
bent tube, one the branches of which k much Jonger than theuiher. 
llie iunger brnneh, which is closed at the top, is hUed with Jtiercnjy as in 
the cisierti Mroinetcr^ while the shorter btanch, which la opei^ sen-cs as a 
cistern. The dif&rence between the iwo Icveb b the height of the bammetef. 

Fig^ 1 J 1 represents the s^^phon barorneier as modified by Gfty'Luasac+ 
In order la render it inore avaiiahlc for travelling by prcvqming the entrance 
of air, he jaintd the two hnuichcs by a capillasi' lube {%. 132)5 when the 



instrument Is mverted ^dg. 133) the tube always rernains fill! in virtae of Its 
enpiltarity, and air cannot penet rate into the longer bniiich. A stiddon shocks 
hoa-e^er, might separate the mercofy and admit some aln To avoid this, 
k!. Bunten has introduced an ingenious modiilcallim into the apparaitiiL. 
The longer brant^ is drawn out to a fine point, and is joined to a tube B of 

03 
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thr frtrm rtpres^ntcd m fijf- 134, By this rl^lTllnEe^l^:^t^ it air pjisse? throtigh 
iVic cjipillary' tube it crninriit prnciT^iie the drawn-out cstreitiiiy of the Iourtt 
hmnciin but lodges in the upper piirt i»f the fmilnTgcni,er»l B. In tins position 
It' ilijcs nni afiTccE the ob5emll]ons^ sspice the vacuiim is always at the upper 
pent of the lube : il 1!$^ morenveri easily removed. 

In Gay■ Lusiac'i liaroniecer the jihottcr branch is elo&ed, btii there is a 
(‘apillar>' aperture in the side /, rhrough whith the atmoaphcnc pressure is 
IraUsiolitcd. 

Tlie bariomet ric height is determ ined by means of t wn scales^ wh icii have 
a cominfin zem at O. towards the inlildle of the longer birttichg and are 
graduated in eontmrj' directions, the one from O to E, and the other from O 
to H, either on the tul>e itself, or on brass rules fised pomllcl to the tube. 
Two sliding verniers^ ffi and /r, indicate tenths of a millitticLre. The total 
height of the biirouieter^ AB^, is the sum of the dUtances from D to A and 


from O to 

i6j. ^reeaaEIODii In reforenee t* bnromptet'».--lfli constructing bam* 
meters, mcrcur)' is chosen in preference to any other 1 ]L|u id. For beitig the 
densest of all liquids, it stands at the least height. Wlicti the mercurial 
iKimmcter stands at jo inches,, the water harrimcter u uuld stand at about 
3.1 feet 1159). It hiIso deserves preference because It does not ntoisten the 
gla^s, Et is necessary' that the merru^' he pure and free front osidc, other¬ 
wise it adheres to the glass and tantishes It. Moreover^ if It is impure its 
density is changed, and the height of the bareitiettr Is too great or Loo smalt. 
^Tercury is purified, bcft?irc being used fur barometers^ by tFcatmcnt with 
dilute nitric add, and by distlllatioru 

The -space at the mp of the tube 12^ and i^ij, which is called rhe 
jTttmViTf/i'crn must be quite free from aiti and from aqueous vapou?, 

fo'r othetwise Either would depress the incrcurial coEuitin by its clastic force. 
Tn iibiain this result, a small quantity of pure mercury Is placed in the tube 
and boiled for some time. It is then allowed tocsjohand a further quantiiy, 
prei M-iusly Wanned, added^ which is boiled, and so on, until the tube Is quite 
IliI] ;: in this manner the moisture und the air which adhere to the sides i if the 
tube ri44} pass off with the mercunal vapour. A iKLrnn tet-er tube should not 
be ton rtamowj forothervilsetheniercurj'ljininvednlihdilticulty^ and before 
reading olf, the barometer .should be tapped so as to gel rid of the adhesmn 
10 the glass. 

A bpiromctcr is free fmm air and maisture if, when it is inclined, the 

S mercurj' strikes with a sharp metallic sound against the lop 
of the tube. If there is air or motsture in Itr the satind is 
B deadened. 

163, CHsrre^etloa for emtuigirityii —In ciftem baroincters 
Hi there la alw-nya a certain depression of the mercurial coJuinn 
H due to eHaplIlarity, unless the intennd diatncler of the lubc 
H exceeds o’S Inrhv To make the correclion due to this 
B depression, it is not minugh to know the diumeter nf the 
tube; we must also know the height nf the meniscus ivf (fig_ 
Ul.'ip '^‘bteh varies according as the menfscus has been 




fgrniEd during an ascending nr descending rnmion nf the mercury' in the 
tube. Consequently the height nf tbc meniscus must be deLerminoi by 
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bnosHnl! ihc pomier ti> ihc *"•* differ- 

trice of the re-idiiiGS will give the hgighi ^ requirttL These twxi icnns- 
niimely, the irlcfiwit diimetcr of the tube and the heighi of the mertiicu^ 
being kflowTi, the resulting corrcctioi) can be taken out of the f{)lta>wing table : 


1 

tHA^iwVer in 
in< 3 )«i 


HdfthE of ^KkLEA CiF b IftChe* 


a'oidi> 

fr'Cil J 

,_1 


■o'ms 

o'lajD 

1 


5>'t57 

0O393 

010431 

0-05 53 1 

1 1 

' 01^677 

1 " ' 1 

Qx?7So 

! 

0’0€70 

0*0948 

1 0^236 

0*0119 

0-0176 

OVJ23I 

0*0394 

0 ^ 34 ^ 

0*0398 

0-0433 

' 

• OIDOfo 

O'OOSS 

0V3MS 

< 0X3144 

01O175 

0*0196 

0X^2 21 

0*394 

1 010039 

0^)048 

0^0063 

oioo7fi i 

OCB9I 

O'OI lo 

0-01^5 

0472 

* 0™20 

0*0029 

crt»36 

0^0043 

Otxijj 

0-C3063 

OXSO73 

O S so 

crooio 

owt7 

i 

0x3024 

0*0039 ■ 

0*0034 

0*0039 

0x5044 , 

1 


In barrirrwitcr the twij tubot are mad^^ of the same diaTncter^ 

so thai the error caused by the depressian in the one tube vcr>' nearly cor¬ 
rects ihstt caused by Use depmsion in the nther. Aa, hon'ever. the meniscus 
m the one mlie is formed by u column of ineircnry' with an a^cndinK molio^ 
while ihal in ihc other is fanned by a column with a desn^ndinj; motion, iheir 
hciithts will not he the futuc, and the reciprocal cornea ion will not be quite 
e\JtcL 

164. Correct ten for tomporaturor- In sill obseri'ations with barometers^ 
whatever he their construction, a correction must b« niade for tempenuure. 
Mercury eoniracia and cxpantL'^ with diiTerent tcmpcTaiura; hence its 
density chanjjes. and consequently the bitmnietric heij^ht, for this height is 
imcrMlv as the density of tise mercury^ so that, for diflcreiil atmospheric 
prciisurcs the mttturiaS column might have the same height. Accordingijs 
in each observation, the height observ ed must be reduced to n't detemiiruite 
temperature. The choice of this is quite arbitrary, but that of melting ice is 
in practice always adopted, U will be seen, In the Book on Heat, how^ this 
correction is nmde^ 

V4rlatl!i«a In the helKltt of tho hr^reineter.- When the bnromttcr 
15 obsen'cdl fnr several days, its hetjfht is fourad to vary in the same phice^ 
not only from one day to another, but also duririR the same dity, 

Tlie of these i-arialiens—that is, the difference bciween the greattsi 

and the least height—ia dlf!cn?nl in different places. It increases friun the 
equator towards the pelts, Except under extruorcUnary ciTcumstariccs, the 
greatest laiialiens do nut excised six millimetres under the cquatoit founder 
the tropic of Cancer, 4® in France, and 60 at 5 degrees friun the pdc. The 
greatesi variations arc observed in wimci. 

The height obtained by dividing the sum of 

successive liourly observations by 24. j n ourUtiiudes the baronietrk height 
at nijon contsfMmds to the mean dally height. 

Tiie jwrrri; is obtained by adding tcf^cther the mean daily 

heights for a month, and dividing by ^ The wtaa y^arfy 14 simi¬ 

larly obtained. 
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Under the e<juarf>r, the m^nn annunl height ni the level ef the sea is 
0*758, or ag'84 inches. It increases from the cqaalnr# snd between the 
latUudes Jo® and 40® it attains a maxiTTium of 0^76J, or JOV4 incheSi In 
bwer iatitudet it decreases, and in Paris it docs not exceed o“756®. 

The general mean at the LcitI of the sen is 0^761^ nr 59’96 inches^ 

The mean monthly height is greater in winter than in summer, in coase^ 
quence of the conler atrnosphere. 

Two kinds nf \'analiDns arc ohscr^'^cd in the bart)mcEer ' ISti the ncii- 
which (ireBcrbL no regularity ^ they depend on (he sea^ns, 
the direction of the windk, and the geographitial pci^ition, and are commnn 
in Our tliittnECs ; atld^ the dtnfy t^dtia/iefts^ which art pnxliiccd {wriodically 
at tenatn hours of ilic tEay. 

At the equator, and between the tEtapic^ no accidcniAl i^ariaticms are 
nhsened; but the daily variations take place with such regularity that a 
bammeter may scn'c to a certain esetent as a clock. The baminetcr sinks 
from midday tilE towards four n^clocki il then rises, and reachci^itsmai^imiiin 
at ahnut ten o^clnck in the ci'ening. Jt then again sinks, and reaches a 
second minimum towards four o’clock in the morning, and a second ma:ti- 
riiuin at ten o^clocb 

In she lemperatc tones there are also d;iiEy vnrialicins, but the>' are 
detected with di^culty, since they occur in L-onjuncUon with accidenial 
N'ariatLons. 

The linurs of the maxima and minima appe.ir to he she same In all 
dimatesr whatever be the latitude; they merely vary-a little with the seasons. 

166. caiu*p pf i^iU'pEaecrlo vKriACleiu.' It is observed that the Coarse 
of the barnmeter ij generally in the oppusite direct ion to that of the thermo- 
tneter; thai is, that when the Icnipcrtuoie the barometer falls, and 
T.rrtJ ; which indicates that the barometric variations at any gi\^e!i place art 
prEKluced by the expansion or conimction of the air, and therefore by its 
change in density. Jf the temperature were the sstme throughout the whole 
extent of the atmosphere, no curtcnis would be produced, and, at the same 
height, atmospheric pressure would be everywhere the same. Ihtt wlicn any 
portion of the atmosphere becumes wanrer lhan the neighbouring parts^ its 
apecitic gravity is diminished,, and it rises and passes away through the 
Upper regions of the atmosphere, w hence il foilows rhat the pressure Is 
diminished, and the barumetcr falls^ If any purl inn ^if the atmoispherc 
retains its temperature, while the neighbouring parts become cnoler* the same 
cITect Is pn^uced; fur in thLs case, toci, the density of the hrst-mcruioaed 
portion il kss than that of the ochers^ Hentc, also, it usually happens that 
an extraordinary fall of the biirometer at one place is counter^lanced by an 
extraordinary rise at another place. 'Jlie daily variaEiun^ appear to result 
from the exp^in^nions and conirnrtions which are periodically produced in 
the .'iimusphere by the heat of the sun during the rotation of the earths 

l6y, XelwtieD ef liAFOtOfi-fjrle vurlwtJ dbh to llie itata of tli4 wratliori.— 
[t has been obsened that, in our climate, ihe baromtEcr in fine weather is 
gcnemlly above 30 inche.«t, and Is beluw this point when ihtrt is rain, snowv 
wind, iir storm, and alHi, that for any given numbci- of da^s at which the 
barometer stands at jd inches, there art as many fine as rainy da>^ Ffotn 
this coincidence between I he height of she barometer and the state of the 
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weather, the ftiHowinR indicaiii'ns have beer irtarfced on the barometer, 
cauniin^ by thirds of an ineh above and below jo inches 
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In using tiic iKiromnier asi an iiidbntor of the state caf the we.alher^ e 
muat nnt fnr^i ihiit it really only servis to tncaiura the weight cifthe aimo^ 
sphere, and That It only rises or falls as the weight increases or diminishes ; 
and althciugh a change of weather frctiuently coincides with a change in the 
pressure, the>' are not neCcssariEy connecteeL This coincidence arises from 
meteorological conditions peculiar to our climate, and does not always occur* 
That a in the barometer usually precedes rain in our latitudes^ is caused 
by the position of Humpe. The sautli-w'csi w-inds, which are hot and conse¬ 
quently lights niahc the barometer sink ; but at the same time, as they become 
charged with aqueous vapour in crossinf the ocean, they bring us niln^ The 
winds iKf the north and north-east, on the conirarj', being colder arrd denser, 
make the barnmeter nae ; and as the>-oriiy reach us aRcr having passed 
over vast continertts, they are generally dr>v 

When the barometer rises or sinks slowly, that for two or three days, 
towards hne weather or towards rain, it has hocn found Iiemu a great number 
of obfHrn aiions that the indications are then eslremcly probable. SuddcEi 
variations in. cither direction indicate bad w'cathcr or wind, 

16S, ■wueet tP«rom«t«e. —TTic which w^as invented by 

Hooke, is a sj’phon haroinetcr, and it especially intended to indicate good 
and bad weather (fig* 136). In the shutter leg of the syphon there is n float 
w hich rises and falls w^th the mercury (fig, 137I. A ittring attached to this 
tltiat passes Txiund a pulley., O, and at the other eud there is a weight, l\ 
somewhat lighter than the rtwn. A needle fiaicd ta the pulley moves round 
a graduated circle, on which is marked rvjnvJJ//, rtuff, 

\Mien the pressure varies ilie float sinks or rises, and moves the needle 
mund to the cotTesponditig piunts on the scale. 

The barometers uTdlnanly mti with in houses^ and which are called 
arc of this kind. They are, however, of little use+ fur two 
reasons. The first is, that they are neiEher ver^- delicate nor very^ accumte 
Lu their indications* The second, which applies equally to all barometers^ 
is that those commonly In use in this country arc made in London, and the 
indications, if tlicy art of any value, are only so for a place of the same level 
and of I he same climatic conditions as London. Thus a barometer standing 
at a certain height In LotidEui w^uuld indicate a certain staEe uf weather, but 
ifiemovcdto Sbooter^s Hill it wthjM stand half an Inch lower, and would 
indicate a diETerent state of w father. As the pressure ditfers w ith the level 
and with geoymphlcal conditions, it Is nficessAiy to take these Into ucci'iunt 
if enact data are w anted* 
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i6gL Fixed Fqf accui^le obsenaMom Rcgnnyli uses a 

b^nimctdr the hci}fhl of whkh ht measurts by menns E?f a cathMatneter {S^j. 
The cistern (fig. Ijfi) is of cast iron ; against the frame on w^hicb it is stiph- 
ported a screw is lilted, which is jwinicd at both ends, and the length of 
which has been determined, ance for all, by the cathetoincter. To meafure 
the barometric height, the screw is turned until its point grazes the surface 


Ft#. jj7h Ki*. Tji 

nf the menMjr>' in ihe bath^ which ts the case when the point nnd Its image 
are in contact. The distance then from the top of the point to the level ol 
the nnercar> in the tube ^ Is measured bytlie cathctoineter^ and ibis, toimiber 
with the length of the screw, gives the barometric height with great accuracy, 
Thi^ barometer has moredciTir the advantage thai^, tus a. tube an inch in dht- 
ttiecer may be used, the Influence of capillarity becomes Inappreciable. Its 
^ cnn^truction, mnreoveri, is very simple^, and the position of the scale lenids lo 
no kind of eimT, since this is transferred to the cathctomeler. Unfortunately 
the latter instrument requires great accunicy' in its construction, and is vcr)" 
expensive. 
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snclcr 5n whith the Iquid used is pure glyeentic. This Ima the specific 
LTavity 1-2^ and diertfore the lenj^th nf the column af hqnul is rather more 
than ten timw that of mercury e hence small ahemlinns in the atmosphj^c 
pressure produce coIlaide^^lblc HjsciSbthpns in the height nf the liquid. The 
tube eonsi-Ht^ of ordinary composition gas inbtnji about i of ait inch m 
diameter and 28 feet or so in length ; the lower end Is open and dips m the 
cistern, which may be placed in a cellar ; the top is sealed to a dosed glap 
tube an inch in diameter, in wliich the fluctuations of the cqlumn are ob^ 
sened. This may be arranged in an upper storey, and the tubing, being 
eaiily bent, lends itseJfio any adjustment which (he locfdity requires. 

The i-apour of glycerine has i'ery low teosinn at ordittaiy" temperatures, 
and is thcicforc not so ejiposcd U* such back pressuires, var^-ing with the 
temperature, as is water. On the other baml, it readily atiracis moisture 
from the air^ whereby the densit)' and therewith the height of the liquid 
column var)v This is prevented by covering the liquid in the d«iierti with 
a layer of parathne oih 

lyt. HuTflieni' tiarometaT.— Thc deslrc lo amplify the small vanotions 
w^hich take place in thcbartnnetcrhaslcd to anumberof contrivances, one *4 the 
best known of which was invented by Huv-ghens {%- 139^) 

The barometer tube a 19 w ider at the clrwed end A, 

.md also at iT, where a liquid of smalier specific gravity 
than mercury^ such as coloured waiL-r, is pounMl on ihe 
mercury ; it fills the real of the tube ^‘and a portinnof li. 

Suppose ^ and no have the same diameter, which is n 
limes that of tL VVheti the column of mercurj' in ^ sinks 
through X millimetres, the level of the mcrcory in c rises 
ju&t as mucht while the coloured liquid rises nv milli¬ 
metres, and therefore its level k (w-l) a- millimetres 
higher. A coLuinn of this liquid fjt — 1) .r in height, ha* 

, ^ — T ■' J' - 

the same pressure as a column nf mefcury^ --- in 

height where s k the number expressing the ratio of 
the specific gravities of mcroiry' and the liquid. 

When therefore the mercury in ^ sinks j-millimeires^ 


2 r-\- . 


■is ihc height nf the column ofmercury w'hich corresponds 10 
the decrease of attnusphcric pressure. From this we have 


j:-— 2 : 

U + W — I 



Thus, if the section of the tubes ^ nnti c is 30 t imes tfiai 
of xf, and If the cohiurcd liquid be water, we have 


Fia. 




0“29:J_y. 


27^2'^20-1 46 2 

When, therefore, an ordinary barometer sinks thrnughj'millimetres, the 
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tnerciir>^ b stinks 0-294^ millimetres, while the c<>lnUrtcl iHiUid rises 
no K o-i^^v* - Whenever^ lliiit i&, .in ordinar}^ barc^metcr sinks or rises 

I milliinEtir;, the colourctl liquid rises ot sinks niillimeires, or nearly 
Siix; Limes ns muL'TiL 

Such bammeters nic useful in esLi^i f^trherc the vnri&iinns in the hei|jht 
i^f the bart>|neterj niLhcr ch^n Us ncLual hcLgl^Lk art eo be observed. Hit 
stale shnuid be placed behind Lhe LUbc tS and two |iOints lixeelt near iht Lop 
and bncLum, by cumpafison with standard ban>tneLtr^ ; the anLcr%‘ai between 
Lhe Lw'i> is than suitably divided^ 

J73. ii«iertuiti %tJdit of iioi^btji I1J tzi« nairDDLottr. —Since Lhe Rtmn- 
spheric pressure decreases as we ascend^ u is ubvious tbaL tbc barcinietcr 
will keep on foiling as it is taken Ln a greater and greater beight. On this 
depends a method nf delermining the difference between the heights cpf two 
stations, such as the base and summit of a mountain. The me thud may be 
explain^ as follnws^ 

It wilJ be seen in the next chapter that, according to Hoyle^a law, if the 
temperature of an enclosed port inn of nir continues constant, Ils volume will 
vary invcrtely as the pressure; that is in say, if wc double die pressure we 
shfili halve the volume. Uut if we halve Ehe volume we rnanifextty 
double the quantJly of nir in each cubic inch^ihat is to say, we double 
I the dena-ity of the air : and m> on in any proportion. Consequently 
I the law h equivalent to this :—/or a eoMf/an/ 

I 4 /efm 7 / i/mrts ft; /Ae prrssunr |V jffjftii'.ej. 

I Xi>w suppose A and ii (hg. i4£K)to Fepresenl two sibtaiion^i. ond thikt 

■ <? it is required eo dcienninc the vertical height of H above A, it being 

■ f* hurtle in mind that A nod B are not necessarily in Ehc same vertical 

line. Take P^. any point in .AH, and a point at a small distance 
abov'e \K Suppose the pressure on a square inch of the aLinDsphcie 
at P to be denoted hy fi, and at let it be diminished by a quaniity 
denoted by It is clear thstt ibis diminution equals the weight of 
the eolnmn of air between P and Q, whose secLion ii one square inch. 
Rut, since (he density nf the air Is directly pfoportional to /, the 
riff. 1*0 ,^ cubic inch of air will equal where i denotes a 
certain quantity to be deLcrmincd presently, and the cicccloraEing 
force of b™’ity fSo). Hence, If wx dcniHte PQ in Inches by ihe pressure 
will be diminished by , r/i\ and wc may represcni ibis algebraically by 
the Equauoti 

dp. 


By a cerLiln algebraical process this leads to the conclubioti timt 

^ I 

where X denotes ihc height of AR, and P and P, the airtifViplieric pressures 
at A and Id rcspmctivtlyi the logarithims being what arc Callud * Napierian 
loganihiTis,* Now^ if tl and Hj ore the heights of the barvimelcral .4 and 
R rcspecLivcIy^ the temperature of the mercury being the same at both na¬ 
tions, their ratio equals lhat uf P to P„ and therefore 

H 


X - ‘ 


ii ■ H. 
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It rem^ilEis to ddemiine k and g. 

(I j Smce tht force of Rra^ity is difTcrent for pbcos in dilTcrcnl latitudos, 
g ft-ill depend upon tlic latitude (S|}* It is fcHmd thsd if^ Is the accelerating 
force of gravity in ktitude and/tliot fnrcc in latitude 45"^, then 

j_^ 

I M-owajo coa 2 ^ 

where /has a definite rtum erica] i^lue. 

(a) Froni what has been stated ubave it will be seen, that if p is the 
density nf air at a temperature of under the pressure exerted by 
29^93 inches of mercury', we shall have 

■‘P- 

Bui it will be afietiMirda shown that ifp^j is the density of air under the saine 
pressure Q <f C.p we shall have 



where fj represents the coefficient of expansion of gases, nterefure 


Now if IT is the density of mercury, and if the latitude Is 4f ; we shall 
ha^'c 

C 2 - 2 $' 93 . 

and therefore 

_ 

Lf 39-93 (1 + 

Btii is the ratio which the density of dry air at a temperature o® Cp 
in latitude 4S°i under a pressure of 39-93 inches of mercury, bears to the 
density of mercury at and Uicreforc is a determinate number 
SMbstitnting^ we have 


P - 19-92 in. , (r + 0100156 cos lilt) , (i 4 a/; log ^ . 

H I 

The value of j is 0-003^6^ whidi k nearly equal to If we substitute 
the proper values for ^ and change the logarithms mlo common logu- 
Hthms^ and instead of / use the mean of T and Tjj rhe tempeiatuxes at the 
upper and lower stationiEj it will be found that 

X (In feet)-60346{1 + ow3$6cosi^j (i + 

\ 1000 / 

which is La Place's barometric fonniila. In using it, we must Temember 
that r and 1 l\ are temperatures on the CentigTade thermometer, and that I I 
and are the heights of the baromeEcr reduEed too^ C llitis if 4 is the 
■neasured height of the baronieter at the lowicr siation we ha^-e 

If the height to be measured is not great, one obserx'ur is enough. For 
greater heights the accent takes some time, and in the interna] the pressure 
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may" Conscqucntlj’ irt this dasc there irujisl bt two obMun'crs, one nE 

en^h slsitfun, w ho make siniulLaiieous obscn'atic^njL 

Let os take the fbEluwIng trxamptc of the above fcmioub :“-Suppose that 
in latitude 65“ N, at the lowr of the two siatiotii the height of the biuomttcr 
were 3oi?a5 inches, rmcl the temperaturt df air and mcrEnir>^ 17^'ja w hile 
at the lippcf the height of the biiTomcter ivas inches, and the tempem- 

tune of air and mercury was Cn Detennine the height of the upper 

station above the iQW'eri 

{ I ) Kind H and M ^ : viz. 

H,-^S 23 o(.-'g 3 -ja. 84 . 

H 

Hence kig " 1*4763543- 500036-00263517, 

ri| 

fi) Find 11105574. 

looo 

(3) Find I +o‘oo3|6 cos 2 tf?r 

Since o'Q02'^6 cos 130'’ * -0100256 cos 50^* -0100^645 

therefore t 4 0100256 cos 2ff > « -0-9^355. 

Hence the required height in feet equals 

60346 pi <>■998355 « 1x35574 ^ 0100632J7 - 1674 

It may be easily proved that If H and H, do not greatly dilfer, the 
H H — H 

Napierian logarithm of" equals 2 If Ibr instance H cquHiis 30 

H I H 4 H ^ ’ 

inches, and equals 29 inches, the re^yhmg error would exceed the 

part nf the whole. Accordingly for heigLits not exceeding 2000 ft. wc 
may without much error tise the formula* 

173, nniiliauiii'a otiuf^UQBs.- The results obtained for the difTerencre 
in height of places hy using the nbnve fornmla often difler from the true 
heighE& ns measured trigonometrically»to an extent which cannot be as¬ 
cribed tn errors in obser^'otioo. The numbers thus found for the heights 
of places are induenced by the time of day, ctnd also by tlic season of year, 
at which they are mode« Ruhlmann has invesrignTcd the cause of this dis- 
crepanc)^ hy a scries of direct barometric and ihcntiometrlc observations 
made at tw'o di^erent stations in Saxony* and also by a compaiison of the 
coniitiuous series of abswatkins made at Geneva and nn the St, Bernard. 

Kuhlmann has iiscertaincd thus that the cause of the discrepancy is to be 
fotitid in the fact that the mean of the Ccmperatarcs indicated by the ihtr* 
momcitr at the two statlnns is not an accurate measure of the actual niean 
leropemture of the column of air between the two stations, a condition 
which ii assumed in the above formula. The ^lariatinns in the temperature 
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fif tht coitimn of siir are not of tht same tstent m those mdfeated by the 
thcfnidavetcr, nor do they fohow them so rapidly \ they drag afief them as it 
were. If the mean montWy temperatures at the Kvro fixed statlom am 
ioiri>duced into the formula, they give in w inter heights which are somewhat 
too low, and in summer such as are ton high. The faults oblained by 
imroducing ihe ratHin yearly temperature of the two slatlorLS are verj- near 

the true onci j. 

This influence of tempeTalurc is most perceptible in individual obser¬ 
vations of low heights. Thus, using the obserhed lemptiatures in the 
harometfic formula, the ertor in height of the Cetliberg abiwe Zurich (abntt 
1,700 feet) was fmiad to be 5^^ of the total, while the height uf the SL Bernard 
above iieneva was found witiiln j|^ of the true heighL 

The reason the thcroioMoters do not indicate the true temperature of the 
air is undoubtedly that they are too much influenced by radiation from the 
earth and surrounding bodies. ITie earth is highly absorbent^ and becomes 
rapidly heated under the influence of the sun's rayit and becomes as rapidly 
cooled J!l night; the air, as a v^ry diathermanous body, is but little heated 
by the sun's raySt and on the contrary is little cooled by radiation during the 
nighL 
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CllAPTER IL 

MKASfkKMfilNT OF TUfe KIASTIC I^OliCK <JP 

174. mojrie* i*w. The Ut-w nf th’C ccimprcssibility of gases was dis¬ 
covered hy Hoyle in i 663 t^ and after»Mrd5lndcpcndenlly by Marinivf lein 16791 
It is In England cnminrinly called ' Boykos law/ and, on ihe Cnmllnent, 
* MacinLtt^A law," Jt h as follows :— 

TA£ fAf S(tme^ fAr tw/w w/ n fi/ 

ai /wjr^rjf 7i*Att'A t/ /f/arj. 

Thfs law iiLty bo veriliod by mcaos of an apparatus deiiscd by Boyle 
141). It ennsisti of a long glass tube fixed to a vertical support; it i§ 
open at {he upper part^ and ihc other end^ which is bent into a shun, vertical 
Jeg^ is dnwd On the shorter leg there is a scale, which indicates et|uat 
capacilies; the scale against the tang leg gives the Ijeight^, The icro of 
both scales is in I he same horizcmtal tine, 

A srxmli ^ifantiEy of mercury is poured into the tube^ sa that Jls level in 
both branches is at which U cfihcled witlioLit ttmeh difhcully after a few 
trials (fig, I 4 I)- The air in the short leg is thus under the ordinar]!" a|mo- 
sphenc pressure which is everted through the npen tube. Mercury is then 
poured into the longer tube until the volume of the air in the smaller lube is 
i^educcd Id one-half I that is, unlil it ia reduci^ from to to > shown in 
fi^ 14“ If the height of the mercurif^d column, CA^ be measured. It will be 
found exactly equal to ihe height of the baroineter at the titne of the experi- 
menl. The pressure of the calumn CA is therefore equtU to .-m atmosphere 
which, with [he aimospheiic pressure acting on the surface of the column at 
C, makes two atmospheres. Accurdingly, by doubling the pressure^ the 
volume of I he gas has been diminiahL-d to one-half 

If meroiiy be poured into the longer branch until the vnlume of the 
air is reduced to one 4 hird its original volume, it will be found that the 
distance between the level of the two tubes is equal to two barometric 
Columns. The pressure Ls now three atinnsphenes, while the volume is 
reduced to one-thinL Dulong and Petit have verified the law for air up to 
S7 atinospheteSp by means of an apparatu s analogous to that which haii been 
described. 

The taw also holds gcsod in the case nf pressures of less than one at- 
inosphcTe. To e^ablisli this, nwreury is poured into a graduated tube until 
It 14 about twcMhirda full, the rest being air- h is ihen inv'eitcd in a deep 
trough M containing mercury Cfig. 143)^ and lowered until the levels of the 
mercury' ii^idc and outside the tube are the same^ and the volume AH mned 
The tu^ is then raised, as represented in the figure, until the ^-olume of 
ACj is duublc I hat uf AH (fig, 144). The height of the meroiiy in the tube 
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above the tn the trough^ CD^ is then fownd to he csflaly half the 

height of the baromclric column. The air, whose vT>IUfne is now doubled^ is 
now only under the presBure of half an atmosphere; for it is the ctRstic 
force of this atr which, jiddtd to the weight of the column CD, is ec{uiva]ent 
to the atmospheric pressure. Hence the volume is inversely as the pressure. 
In the etperimeni with ^^larioLte^s lube, as the quantity of air lemaSnsthe 
same, its density most obviously increase as its volume diminLthcft, ujid 



Fiie. Hf* 14^ 



Flu. t|> Flff. 144, 


7 .vnit The law may thus be enunciated: * Bttr jifjwc fki 

iknsi/jy of IT gm u prop(^rtianifi tQ iU pressure} Hence as wiiter is 773 
times as heai7 as air, under a pressure of 773 atmospheres^ air would be as 
dense as w^ater^ 

tkiyle^s law must noi be understood to mean that gases of eqiinl density 
have equal elastic force ; different gases of various densities have the same 
tension when they arc under the same pressure, A given volume of hydrogen 
under the ordinary' atmospheric preBsure has the same elastic force as the 
same volume of air, although the latter is 14 times as heavy as the former. 
Since, for the same volume^ there are the same number of nioms in all gases^ 
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dic Hgliter atoms tpusi possess a Emaier velocity in order to p??ert the some 
pfTSSUtt as the sarnie number of atpms of j^ater itiass. 

lyS. IHW Is OAlF spproxliaKtvlT trut* Until the last 

feW years Hoyle's law wras supposed to be absfdutcly true for all gases at all 

pressures^ but Desprel:* 
oblained results incoin- 
paiibte with the law. He 
tfM>Tc two graduated glass 
tubes of the same lengthy 
and lulled one with air 
and the other with the 
1^ to be examined. 
These tubes w^erc placed 
in the same mcrcuty 
tn>ught and the whole 
apparatus imtnersed in a 
stning glass cylinder filted 
with w-aler. By means 
of a piston moved by a 
screw w'hlch worked in a 
cap at the top of a c^din- 
der, the liquid could be 
subjected to an Increasing 
pressure^ and it could be 
seen whether the com¬ 
pression of the two gases 
was the same or not. The 
apparatus resembled that 
used for eitainining the 
compresstbtlity of liquids 
(fig. 63). tn this manner 
D«prdtz found that car¬ 
bonic acid, sulphurected 
hydrogen^ ammonia^ and 
ej'anogen are more com- 
pressibSe than air : byd m- 
gei% which has the same 
cnmpressibdity as air up to 15 atmospheres, is then less compressible. 
From these experiments it w^as concluded that the law of Boyde was not 
general 

(n some experiments on the elastic feirce of vapnerSi Didong and .Aragn 
had Mcasion to lest the accuracy of Ik^yk'* [aw. The method adopted was 
exactly that of Maiiotte, but the apparatus had gigantic dimensions. 

The gas to be eompiesaed was contained in a strong glass tube, GF (%■ 
i 45 ]i about MX feet long and closed at the top, G, The pr^suie pro¬ 
duced by a col^a of tnercuTy , which could be increased tn a height of 65 
f«t, contained in a long vertical tube, KU formed of a number of tubes 
brnily ^ined by good screws, so as io be perfectly tight, 

^ The tubes K L and GF were hermclkal ly fixed in a horizontal i run pipe 
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WE, which formed port of it meicurial reservoir, A. On the top of this 
lescn-oir (here o force BC. by which men:or>’ could be forced 

"^“A?*ht'’Mmmencemeni of the citperitneni. the volume of the air in the 
manometer 077) was observed, and the initial pTessure dcteimmcd, by 
addine to the pressure of the atmosphere the heisht of the mercury m K 
above its level in H. If the level of the mcrcuiy in the manometer bad 
been above the level in KL, It wnuM have been necessary to subtract toe 

difference- ^ , . - * t ■ 

lly rriL'inis I'lf the piiTnp.j water waa imjeeted ifltrt A. The mcfciirj' Dcint; 
tlicn bv ihc water, rose in the Uibc QV. where it compreiised ihe 

air. and in ilic tube KL, where it ro^ freely. K wiis only then neeciiar)' 
to iiieasurc the vedume of the air in GF ^ the height of the mercury iti kL 
above the level in GF, TOi?ether with ihe pressure of the aimcssphcrt, was 
the tolJil preisurc lo which the gas was cjcptised. These were all the clcmenii 
necessary' fur cumparini' different vnltsmes and the tortesponding lempcnt- 
lores. 'Hit tube GF was kept eold dorinR the esperiment by a stream of 
cold WnTtcr^ 

The lonK tube waA attached to a lon)» mast by means of staples. 1 he 
andividual tubes were suppt>rted at the junction by cords, which pik^sed 
round pulleys R and R", and were kept itreichod by small buckets, 1 \ con¬ 
taining shot. In this manner^ each of the thineen lubes ha\'irtg been sep- 
ralely counterpoised, the whole column wa-s perfectly free not withstand tog its 


weighL 

Dulong and Amgo ejipcri mented vrith presiiures up to 37 atmospheres^ 
and ob^rii'ed that the volume of air always diminished a little more ih-m is 
retjuifed by Bayle'i Law. But as these differences were very small, they nX- 
iributed them to errors of obsen'ationp nxnd concluded that the law was per¬ 
fectly exact, at ciny rate up to 27 atmospheres^ 

Kegnault invcsiigated the same subject with an apparatus reseiobling 
that of Duloiiff and AraKo* but in which all the sources of error were taken 
jnio account, and the observations made with reinarkable prcci sionr l ie found 
I hat air docs not exactly follow Doyle'^s LuWj but experiences a greater com- 
pressibilily, which increases with the pressure; so that the difference hetweeo 
lire calculated and the observed diminution of volume is greater in proportion 
as the pressure merrases. 

Kegnault hiund that nitrogen was like hit, but is less compressible^ 
Carbonic acid u^ebibits Cdnstdciable dciialion from Bovlc's law even under 


small pressures. Hydrogen also deviates from the Inw^ but as conipressi- 
biliiy dimmiihes with increased pressure. 

CailUtet examined the compressibility of gases by a special methed in 
which the pressure could be carried as high as 6 od aimospheresv His results 
cfpntirm those of Keguauft os regards hydregeii ^ niinigcn was found to 
present the iroriLiu& feature that towards io atmospheres i[ has tt 

\ beyemd this point it gmiJuaJly becomes less com' 
prcssibte. Its compressibility diminishing more rapidly than that of hydrrjgen- 
Carbonic acid deviates less Jrom the law in pnjpartinn os the tentpeniiure is 
higher. Thit is also the case with other gases. And experiment shows 
that the deviation from the law Is greater in proportion as the gas is nearer 


*44 Ofi pTj-- 

Iti^ fumt; and, on the contrary', the farihi?r a f^as-ls fmtu xhU 

point, the more cinscljr dnes it follow (he law^. For ^ascs which art iht 
most diflicuh to Ikiytry^ the dci'iations fmm the law art inconsldemblc, and 
may be quite ncRlccStd in ordinar>' physical and chemical expcrimentSi 
where the pressures are not Kreat. 

iy6. Appllentlonft of Baylv'^ li&w, —Obsei%'Atjons Oil the volumes of 
gases are only comparable when made at the same prtssure. Usually, 
thrreforo, in j^as analyses, all mea&uremenls are reduced to the sLandand 
pressure of 760 mniimetres, nr inchis. This is easily done hy Hoyle^s 
lawj for, since the vojnrnes are iovtretly as the pressures^, P'' j p, 

Knowinjf the volume V at the pressure we call easily calculate its volume 
V^aE the given pressure P', fur 

V'F'-VI*! tb:n U, 

fiupposc a volume of gas to measure 340 cubic inchci under a pressure 
nf 535 mm.j what will be its vulumc at the slandard pressure^ 760 mm.? 


Wt have V - * 535 * gjg cubit inches. 

760 ^ 

In like manner let ir be asked, if l>'is the density of a gas when the 
hammetcr stands al H' mm., whal will be Its density D at the same tem- 
pemlure W'hen the baromcEer stands at H mni. ? 

Let M bo the mass of the gas, V* its volume In the first case, V its volume 


in the second. Therefore, 




DV-M 


or 

I) V' 

P H 

Mi j 

it"v “ 


ITius, 11 H' denote 760 mm., 

we have 



Uensity at H^-(Denstiy at standard pressure) 


H 

760 


177* lCuiuiiiei«»,^iVjm^jvyr^crr are insimments for meastinng the 
tension nf ga*E3 or ^tipnurs. In all such instrt^mtntf the unit chosen is the 
presjuire nf one aimnsphere or 30 inches nf mtrcur>'at the standard icm- 
Iierature, which, as we: haix seen. Is nearly t J lbs, in the square Inch. 

178. opeaqi-mr EDaBeiiiBi;«^r+ The consists nf a 

Sicnt glass lube Bl> i4^)» fostened to the bottom of a reaervmr AC, 
of the same maicrial^ containing meitur^v which is cDnnccied with the 
■closed recipient c<nitaitiing the gas or xnpour the pressure nf which is to 
i>e measured^ The whole I5 fi^^cd nn a long plank kept in a vertical 
position. 

In graduating this manomeier C is left open, and the number 1 marked 
at the fe^-el nf the mercury, fotthui Ttpresents one atmosphere. From this 
(Mtirti the aumtiers 1 , 3 ^ 4 , 5 ^ ^ = 1 ^ marked at each jo inches. Indicating so 
many atmosphere^ since a cduimi caf mercury inches represents a pres* 
sure of one atmosphere. The intend from I lo 3, and from a to 5, &c., are 
dii-ided into tenths, C being then placed In connection with a boiler^ ftir 
example, the mereury rises in the iuLk to a height which meaEures the 
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Maii&meUr ivit/i Cmtprcssed Air, 


MS 


ri 


letLsion of ihe vapciin In the hguTe the miinometer marks a atmo.^phere^p 
which rfipDEsentji a heighr of jo inches plus the atmospheric pfiiis^iire CKcrtcd 
at the top of the colamii ihrcmgh the aperture D. 

This manometer ui unly used when the pressures do tiot exceed 5 to 6 
atmospheres. Beyond this, the length of tube necessarji' makes it very in¬ 
convenient^ and the following appiiinitus is eornmnnly used. 

179^ IKMMiotor wltl] eempresfled mir ^ —'fhc rWW- 

/^n-jW airls founded on Boyle's ^ it consists of a glass tube closed at 
ifc the top, and filled with dry air. Jt is firmly cemented in 

~Y a small iron bo^ containing mercury, By a tubuluriSj, 

■j P in the side (fig. 146 ), this bo* is connected with the chised 

I vessel containing the gas or vapour whose tension is to 

^ be measured. 

" In the graduation of this manometer, the quantity^ of 

air contnmed in the tube is such that when the aperture 
A cninmunicates freely with the atniDsphere, the level 
of the mercury is the same In the tube and in the luhu- 
lurc. Consequently, at this level, the number i is marked 
un the to which the tube is affixeii As the pres¬ 

sure acting through ihc lubulurc A increases, the mercury 
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Pi 




1'%. j+i. 


rii. t 4 f. 
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in the tub^ until iii uT.ght, added u, the tension of the compr^^d 

^r. to the t^u^ma} p^.uTC^ Jt would cotuwquenlly be iiTconwt 

to oiarlc two atnioijjheTO in the middle nf the tube; for .inn the vol^ 
of the eiti. reduced to tme-hulf, it. tension i, eqi«rt to tw^tm^sohe™ 
and, together with the weight of the mermty raised tn the tube, U there- 

■H 
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th..n two olmosphctfs, Tlie position of the nii.nl>cr b a 1 u,le 
L tow the midtUe. ai sui-h a hcisrhi lh.H the elastic foite of the fom- 
nressed air, together with the ii^ight of the ineTnir>-tn the mbe is to 

two atmospheres. The exaci jMsition of the numbers, 2, ^ 4. &c., on the 
nianmneleri«.le can only be detent««ed b> calculation. i*:'’ 

naneinetor is niade of one glass tube (tw represented in fig. 148J. The 
iirinrlplf is obviously i-lii: snniC’* _ , « * t ■ ■■ * 

iSft VoJomometer. -An interesting applicabon of Boyles law is met 
with in the trr/umtmfffr, Ihis consists of a glass tube with a cylmdcr £> 

the top (fig. M9). the edges of which are cnicfully ground, 
.Tod which cun be closed hentielicaliy by means of a gniwnd- 
glass plate D. The top being open, the lube is immersed 
until the level of the mercuiy inside and nutsidc is the same; 
this is represented by the mark /, The apparatus is then 
closed air-light by ilw pl-Hc, and is raised until ibc mercury 
Stands at a height A, above the level Q in the laiih. The 
nri|,Knal %Tklumt of the encipflcd air whicti under the 
pr^itire of the atino^phEPCr^ is T^^tw irtCMScd io V + since 
the pressure has diminished by the height of the column of 
mcn:uw A. Calllnff the pressure of ilic ntrrnps,phere it the 
time of ohicrvation A^ we shall have Y i \'A-A I A. 

Pacing now in the cylinder a h(jdy K whoM: voliiine 
unbnownT the same opcnitions are repeatedp the tube w raised 
until ihr meretir)' ajiam stands at the same rnnrb as before, 
but its height above the bath know different; n second rcadmg, 
is oblnincd, and we Have f\''—i'): (Vf p- 

Cutnbining and reducing wc get + ~ 

Vti.H/h volume Is constant, sind is determined numericnhy, 

once for all, by making ihe expcrinicni wllh a substance of 



known volumn, such iia a glass bulbr 

I Sr. RcffisBiiilti ifln-eiM*tTie mtastiring pressures 

of l»s than one atmosphere, Regnault devised tlae following arrangcmenEt 
which k a mtidlScatlon of hts li.iced barometer (fig^ tj®}- sain^ ^ 

ckicm dips a second lube «, of the same diameter^ open a* both 
provided at the top with a three-way cock, one of whieh is connects wr 
an air-pump and the Other with the spate to be enhaiiitcd* 
eitbausiioa k carried the higher the mercury rises in the tube rf. e 

filifferenccs of fevel in the tubes A and u give the pressures, lienee, T 
measuring the height by means of th^ cnlbciomeTer, the pressure in ' c ^ 
space I hat h being exhausted is accurately giveru 'Ftiis iipparalus is a. so 
ihii ^ ^ 

l&i. JLnnnia bB.roineteTi. This tnHirumEiit derives Its name n>tinL ^ 
rlrcumstanee that no liquid h used in its conslniction jA ^Hbout* 
moist). Kig, T jo represenis one of ibe forms of these instruments, ^fi¬ 
st nictcd by Ciuieila ^ it conskis of n cylindrical melal box* exhausted 
the top fif which k made of ihtn corrugated mciah so elastic that it readi y 
yields TO akenitLatis in the pressure of iHe atmosphere. 

VVHeti the pressure Irtcrcaws, ihe top k prefised Inwards; when on i w: 
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cnnSnity ic decreases, iHe etasEicity of ihe lid, aided by a spring, tends lu 
move 3 t In the opposite direcljon, ITicse motians arc imnsmittcd by dellc^ite 
mulriplying levers to an index 
^vhich movti cm a scale. The 
instniincnl is graduated cinpiri- 
catly by comparing its tndka- 
EEons, under diffi?fen.t pnessyres, 
with I hose of an ordinary* mcr' 

'Curial ha.rtimeE.er. 

The aneroid has the advan¬ 
tage ^if being portable^ and can 
be Const ructed of such delicacy 
as to indieaie the difference in 
pressure beLWeen the height of 
an [ordinary table and the 
grnond. Ie ls hence much used 
in dcEemi:ining heights in tnoun- 
tain ascents. But it is some¬ 
what liable to get nut of order, 
especially when it ha.s been sub¬ 
jected to great variations of 
pressure ^ and its indications Ftf - 

must fnim time to time be compared with those of a standard barnmeter. 

The errors arising frnm the use nf the aneroid are mainly due to the 
transmtii^ion of the moEion of the hd by the muhiplying arrangemenE. 
Coldsmid of jJurich devised a form in which the motion of tfse lid is direetly 
obsen^ed 

Like that of other ancmidi^ the lid of the box a (fig. ej e)^ in which the 
alEerations of pressure arc dcEermincd, is of fine corrugated sheet metaL To 
thiis U fixed a horizontal metal stdpA^on the fmnl end 
of which is a small square /*, acting os index. Thi^ 
rises and falls with the movement of the lid. and 
indicates on a scate^^^ on. ihe sides of the slit \ 
olEeraEions in pressure of cenEimctres^ To this si rip 
a second and more delicate one, is fixed, oei 
the front end of which is also fixed an index 
Itcfore making an obsemiEionT the liorizonLaL line 
of this index is made to coincide with that of c; 
this is effected by means of a mictotneter screw 
which is raised or lowered by the movable ring >5* s 
on the c^onusponding scale tniLlinictrcs and tenths 
of a nnliimeirc are read off. To do this tht in- 
simincnt is provided wdih a Ecns not represented iu 
the figure. The?re is also a small thermometer /; 
from itv indications a curructina is mode for lem- 
peratuE^ according to an empirical stole specially 
coostnicled for each instirumcnt. 



1B3. 1 a wu or ito ffllotnro of a cnmmuTiicatil^n Is opened 

between two closed vessels containing gases, the)' at once befiti to mix* 

K 1 
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whjiicvcr be iheir dEniity, and in a loneer nr stipnar time the miitture a 

4:’i>iTiplcte and w'ill continue ^ unless chemiciLt action dr some other cK’ 
iranmus cause inten one. The laws which govem the mixture of gnscs may 

be (hus Slated:— ^ l 

h TAe iWi'a/J/rc /aicj rn/nJ// /j f^af iJp 

miA ^ifrr (oftfmm Me mvi in Me firo/>4>rfi^n. 

\\ //iA^r gus^rs sa^t*raNv aifti Me tnixfi/re ivdwe amf 

if iki s^frrtm <^nd Me mixture oc^nfiy the tW^wc, then the 

fin the ff/iit ef area txeritd fy the tnixlurf wiH e^Uiti Me fif 
pressMfes m the unit fif area exerted Ay the yores se^feratiy, 

FnJm the second law' a eery convenient formula can be etasily deduced. 
Let f^jT T^i a . , - be ibc volumes of sevcnit gases under pressure of 
- - nrspeclivcty. Suppose these gases when mixed to hart a 
volume \% under a pressure ?, the tempcriitures being thL- same. IJy Boyle’s 
law wv: know ihat will occupy a volume V under a pressure // provided 


lhat 

Suntli'irly 




and SO on, Bui v.e Icam from the above law that 

. 

therefort V P - /, + r ^ ^ 

I[ obviously fotlow*s that if ihe pressures are aU the same, the volume of the 
mixture cciuals the sum of the separate volumes. 

l"hc first law was shown experimentally by Berthollet, by moans of an 
apparatus represented in fig. 152. 31 cnnsisis of two glass globes prm'ideJ 

with stopcocks, which can he screwed one on 
the other^ The upper globe was filled with 
hydrogen* and the Itiwer one with carbonic acid* 
which has 12 times die density of hydrogeru 
The globes having been fix.ed together we^re 
placed in the cellars of the Paris Observatory 
and ihe stopcocks then opened* the globe con¬ 
taining hydrogen being uppctirmsL Berthollet 
hiund after jHJtne time that the pressure had Ofrt 
changed, and that* in spite of the diflcrence in 
density* ihe two gases had become unifnimly 
mixed in the two globes. Experiments made 
in the same manner with cnher gases gart the 
same rosults, and it was found that the dinusioti 
was more rapid in proportion as the diflerenc-e 
between the deositles was greater. 

The second law niiay be demonstrated 
passing inlo a gfaduuied tube, over merem^'p 
known volames of gws at known pressures. 
The piessure and vnlume of the w'hole Fnixture 
are then measured, and fnund to be in accordance w-Uh the lawr 

Gaseous mixtures fnllow- Ehiyle's lawv like simple gases^ as has been 
prtivcd for air (174), which it a mixture of nitrxtgEo and oxygetu 
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IS4 mi^tnn ftf imivi If^uldi. ^InorFrloa *f HMIfli. \\*aicr 

:ind TH^in>" liquiils posMSS the prapcrty cif ubiorhinK ga^$. Un<fler the 
conditions nf pressure and temperature a liquid does not absorb cquaJ quon- 
tiEies of dificTenigsiies. At the Eempermure o'C and pressure y 6 o mm, one 
volume of water dissolves the following voluma a^gnsi — 

Nitroifcn , . . ^ 0^20 Sulphuretted bydrofcn. . 4 

Oxygen , . - . ^ QQ41 Sulphorotiss Acid . . , ?979 

Carbonic Acid . , * *79 AirtnloJlia .... 1046.63 

From the very great candensalion, lo which the Lie ter ccurespondj il may be 
Inferrcfl ihai the giLscs are in the liquid state. 

Gases arc tnore soluble In alcohol ■ thus m O’C ajcohnl di5SL>lves 4-33 
volumes of carbonic acid got 

The whole subject of gas absnqitinn has liecn ini'cstigaEed by Buosem 
The general law^s are the following :— 

L Me jdjjwe Me jtjme fWt/ /Af Jitwe /Ae 

if/ jpii/ iidsffrAur^ /r prwfitff/tifjfn/ /fi /Ae pres.wre. This may also be 
expressed by saying that at all pressures the volume dissi:ilved is the same ; 
or Ehal the density of the g^as absorbed is in a cunslanl relation with that {if 
the exiemal gas which is nni absorbed. 

Accordingly^ when ihc pressure diminishes, the quantity of dissolved gas 
decreases Jf a solution of gas be placed under the air-pump and a vacuum 
creacedr the gas obey^ its expansive force and eisciapes uiih c^em^escence. 

I L TMf fmsJt/i/y 0/gas nAsvrheii tieereares eAe UwperMfre; t\mi U 

to say, when the elastic force of the gas is greater. Thus at j water imSy 
absorbs 1 -od uf carbonic acid. 

[Jl. TAa £/ gas SLAkA a fan dissaAv k iinkpefnkn/ i/ 

Mi* fUiiiitf tiffd i/ Me yaan/ifjr it/ aih£r gasfs wkicA t/ jjhij a/re^y Ae/if ta 
lif/a/ieM* 

Jn every gaseoua mixture each gas exercises the fame pressure as It 
would if Its votuine occupied the whole space; and the total pressure 
equal 10 the sum of the individual pressuresu. When a liquid is in contact 
with a gaseous ttiixture, it absorbs a certain pare of each gas, but less ihan 
it w'ould if the whole space were occupied by each gas. The quantity of 
each gas di^snlved is pruportional Eo the pressure which ihe unabsorbed 
gas exercises alone. For instance, oxygen forms only abouE I the qnanEiiy 
of airi and watery under ordinary conditions, absorbs cxacEty the same 
quantity of oxygen a* it would if Ihc atmosphere were entirely funned of this 
gas under a pressure equ:d to J that of the atmosphere. 
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CHAPTF.R in. 

PRl^L-KE ON ISOlJiliS IN AIR, ilALI,tX>NS. 
fSj. iflirOlSilisa€! !!«■' s^riaClfkle applied fO ifftMa.- —TIlC prtfiiU.lfC excrt'td 

by gaa^t bcsUics lininer^d in ibtm, Is transinitle^l equally in pU difccticmsi 

as hjis betrn shown by the CK|ierimcfit 
with the Magdeburg hemispheits- It 
therefore follows that all w’hidi has 
been said about the equilibrium of 
bodies in liquids applies to bodies in 
air; ihey lose a part of their weight 
equal to that of the air whkb they dis- 
place. 

The loss of wicight in air b demons 
istraled by ntcana of the 
which consists of a acakbeani, at one 
of whose extremirica a small leaden 
weight is supported, and at the other 
there i» a hollow Clipper sphere (fig^ 

1 y)^ In the air ihty exactly balance 
one another; but when they arc plnactd 
under the receiver of the air-pump^ 
and a vacuuTn is producedi the sphere 
sinks^ thereby showing that in realiiy 
Li is heavier than the small leaden 
weight. Before the air is exliau^ted each body is buoyed up by the wdght 
of ihc air which it displaces, But as the sphere i& much the larger of 
two, its w’elght undergoes most appartti<l diminulioiii find thus, ihoug n 
reality the heavier body, it is balanced by the imall leaden 
may be proved by means of the same appaiatws that this loss is equal lo 
the weight of the displaced atr. Suppose the volume of ^ the sphere is I o 
cubic inches. Tlie weight of this volume of air is yt grains^ if 
weight be added to the leaden welghti it will overbalance the sphere in air^ 
but will exactly balance h In vaenOt 

The priniriplc nf Archimedes Is true for bodies in air i all^ that has been 
said about bodies immersed in liquids applies to them ; that Is, that when a 
bcidy it heavier than air, it will sink, owing to the excess of ils weight over 
the bunyunxry^ If it h as heavy as air, its weight will exactly counterbaknee 
the bunyancy^ and the body will float in the atmosphere. If ihe bfdy is 
lighter than mn the buoyancy of the air will proiaili and the body wil! niie 
in the atniospheR!; until it reaches a layer of the same density as its owm- 
The fome nf the asceni is equal to the excess of the bunyaney over the 
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wcigbi i>r the bcidy. This is the rvaaem why smoke, v.ipmins, ciouda, and 
air balSoons rise in tlie air. 


AIH ISAt.LCiON!!^ 

iE6, Air J are tiotlow spheres mi^dc af atinic lij^ht 

impenneable material whiehi when Idled with healed air, with hydrogen gas 
or with coal gas, rise in the air by virtue ot iheir relative lightness, 

'rhey were invented by the brfJtbcra .Muitgohier nf Anm^niiy^ and ihe 
first csperinient was made at I hat place in June 1783. Their balluon wvts a 
splterc uf fcirty yards In circumference, and w'elghcd 500 p<mnds. At the 
lowtr part there w-nii an aperture, and a sent of bcmiE was suspended, in which 
itre was lighted to heat tbc inicmal air. Tlie hallocm rase to a heigh e of 
2,200 yards, and then descended w ithoui any accidenL 

C^iarleSp a professor of pliysks in raiis, "lubstlmted hydrogen fur hot air. 
He himself ascenEkd in Et ballcxm of this kind in [December 1783. I’he u&t 
of hot-sdr balloons was entirely given up in consequence of tire serious 
accidents to w hich they were liable. 

Since then ilse art of ballouning hits been greatty cs^endl^d, and many 
ascents have been tnade. Tliat which Ciay-Lussac mndc in 1S04 was the 
most remarkable fur the facts with w^hich it has enriched scieucciand fur the 
height which he aiuiincd-^53,000 feet ahEsvc the sea level. .\t this height 
the baronteicr desccTidcd to I5'6 inches, and the ilierinumeter which was 
31* C- on the ground was ^ degrees below icro. 

In these high regions,, the dr)'ncss was such on the day of ftay-Liissac's 
ascent^ that hygroinetric substances, such as ]:uipcr, parchinentt fi:c, became 
tlricd and crutnpled as If they bad been placed near the hre. The respi’ni- 
linn nxnd circulaTiun of the blood were accelerated in consequence of the 
great rarefaction of the nir. c Vsiy-LussaC^s pulse made 120 piilsatirin^ in u 
luinuEc instead of 66, the normal number. At this great height the sky had 
a y^ry dark blue tint, and an absolute silence prevailed. 

One of the tiiosi rernarkabic of recent ascents made by Mr, Gl.ilsher 
and Mr. Coitwcll, in a large balli.Kin belonging In the 1 alter. This tvas filled 
wiih 90,000 cubic feet of coal gas (sp. gr. 037 to 0 33); the wieight of the 
Eijad was 600 pounds. The ascent trK>k pUice at 1 l»Ai, on Sepleiuber 5^ 
1861 1 at I.2S they hud reached a hcighi of 15,750 feet, and fn eleven 
minutes after a height of 2 r^ooo feet, the temperature being — iP 4"^^ at 1,50 
ihty were at 26^200 fecl^ wiili the thennometer ai -15'2^ At I.52 the 
heighE attained was 29,000 feel, and ihe temperature - 16" C- Ai thia height 
the mrcfBCtinn nf ihe air wjis m greats and the c«>ld so inten^, that Mr. 
Clnishtr fiiinted, and could no longer observe. According to an appmvi- 
mate estimation the lowest barotnetrie height they att.dned was 7 inches, 
which woultl correspond to an cicvalion of 36,000 to 37,000 fcci. 

187. ConitmctlaiiL Kud XDin.nwffODieDt of 1fallooa»i ~A l^alliKin is made 
of long bands of silk sewed togelher and covered with caoutchouc varnish, 
which renders it air-light. At the top there is a safety vatvc etused hy a 
spring, which the .tenmaut can open at pleasure by tneans of n corcL Alight 
wickerwork boat is pended by ine:ins uf cords to a network, wlikh 
enlirely covers the balloon. 
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A balimm of the ordinary diiriisnsinni, whk-h can carrj^ ihrce p«™nSj is 
abcMii 16 yuitAa tz yards io dinTneier, and Its voluinc, when It is quite 

full, is about 6 Bo cubic yards. The bal¬ 
loon itself weighs 200 pounds; the ac¬ 
cessories^ such as the rope and boat^ loo 
pounds. 

The hallooti \i blled cither wiih hy¬ 
drogen or with coal gciSr Althongh the 
]a[[er is heavier than the former, it Is 
generally preferred, because it is cheaper 
and more easily obtained. It is passed 
in(» the balloon from the gaa resen'oir 
by means of a flesihle tube. It is im- 
p>rtant not to fill the balloon quite 
iul], for ihc atTTiospheric pressure dimin¬ 
ishes as It rises (^gr and the gajf 
inside, e.'cpanding in consequence nf iu 
elastic force, tends in burst ii. It Is 
sulftpcnt fbr the ascent if the weight of 
the displaced air exceeds that rif the 
balloon by S or lo piiunds. And this 
force remains constant ao long as the 
baJlDOSi is nr>t quite distended by the 
dilatation of the air in the imeHor. If 
the atmospheric pressure, for example, 
has rliminishcd to onc-hnilfT the gas in the 
balloon^ according to Boylc^s law, has 
doubled its vnlumCi The volume of the 
air displaced Is therefore tw ice as great; 
but since its density has become only 
rme-hair, the weight and consequently 
the upwnrd buoyanc)' are the same. 
When once the balloon is completely 
dilated. If it tontlnuea to r^&e^ the force nf 
the ascent dccrtasei, fur the volume «if 
the displaced air remains the same, but 
its density diminisheiH and a time arrives 
at which the buojitno'equal to the 
weight of the balloon. The balloon can now only take a hor^ontal direction, 
earned by the currents of air which pre^'ail in the atmosphere. The aero¬ 
naut knows by the banmaeter whciber he is ascending or descending, and 
by the same meiins he determines the height which be has reached. Along 
flag fixed to the b«jat would indicate, Ixj' the position it takes either above or 


hclow^ whether the balloon is descending or ascendlng- 

When the nt^mnaut wishes to descend, he opens the valve at the top of 
the balloon by means of the cord, w hkh allows gas to escape, and the 
balloon sinks. If he wants trs^ descend mure slowly, or to rise againt 
emplies out bag? of sand, of which there is an ample supply in the car, fhe 
descent is facilitated b)“ means of a grappling iron fixed to the boat. W hen 
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onct this is tixccl la anj-^ the balUsan 15 Inwcrird by pvllin]|^ ihp 

cartL 

The <Miiy practical applicaUans which air bnlloons have hitherto had 
have been in military' rccoTinoiiriog, At the battle of Kleurufi* in 1794, a 
captive balloon—that is^ one held by a rope—w*as used* ii> which there was 
an nbsen er who reported the movements of the cntmiy by means of signals. 
At the battle of Solferino the movements and dlsposLiions of the Austrian 
troops were watched by a captive balloon! and in the war in America 
balloons w-vre fretpicntly used, while their imponance during the siege fd 
l^aris is fresh in all memories. The whole subject of military balloonini,^ 
^vas treated in two papers by Captain Grover and by Captain licaucicmt* in a 
volume of the Professional Papers of the Royal EngineeFS j and cjkperiments 
arennw' in pretgress, a( V^'oolwich and at ^Vldershot* with asiew of aiJoeiuaiTi- 
ing the most practicable means of in dating ballncin» and the best form and 
equipment for seraii^e in the fictd. It has been proposed m use captiic 
badoons for obscr^'ations on the changes of tcnripeiature in the Ac. Air 
balliMins can only be truly usefitl when they can be guided, and a^ yet jill 
at tempts made with this view have completely failed. There is no other 
couT^c at present than to rise in the air until there is a currEnt which has 
more or less the desired direction. Unfhrtunately the currents in the higher 
regions of the atmEisphere nrt. I’ariable and iTTCgular. 

I £8. Fafaotitit«. The object of 
the pamchute is to allow the aero¬ 
naut to leave the balloon, by giving 
him the means of lessening the 
rapidity of hi 5 descent. 11 consis t & 
of a large circular piece of c|n|h ; hg. 

155), about t6 feet in diameter^ and 
which by the resistance nf the air 
Spreads uut like a gigantic um* 
brcjlLi- In the centre there is an 
aperture* thnough which the air 
compressed by' the rapidity of the 
descent makes its escape; for 
otherwise nscilKations inigh!; be 
produced, w'hlch, when communis 
cated to the b^^a.t^. wcuaM be dan- 
gcrnui. 

In fig, 154 ihtre is a parachute 
attached to the Tictw'oik of the . 
baltoon by means of a cord which 
passes round a pulley, and is fised ^ 
at the other end to the boiit. When - ■ 

the cord is cut the parachute sinks, - 

at first very rapidly^ but more ". 
slowly AS it becomes diseended, as - - 

representi^d in the figure. 

189. caloulattqu of the w«|fiit urbtcti m buttoon cu rutM.-TE> 
c culate the weight w^hich can be raised by a balloon of given dimen- 
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Hot as we have befort seen (i86h in iwder that the ballooti mny rise, the 
weights must be less by 8 or to pounds than that given by, this eijuatiwn. 
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CHAPTER IV. 


APPAR.^TLS WHICH E»£PtLXlP ON IttR PJtOPKRI JKS OK AIR, 


ic/X AlT-pnnpi.— The nir-punip \s ati instrument by which n vAcuum enn 
be pnwJuccd in a given space, or rather bl^' which air can he greatly rarefied, 
fnr an absolute vacuum cannoc be produced by means. It was invented 
by Otto von Guericke in rb^c^ a few' years after the invention of the 
meJer. 

The air^pump^ as now usually eonsiructed, may be described a* fnllowi. 
In fig. J56, which show'sihe general arrangeinent, E Is the in which 

the vacuum is to be 
produced, tt Is a 
bcjl glass resting on 
a plate of thick 
glass ground per¬ 
fectly smooth^ Jn 
the centre of l>, nl 
C, there IS an open¬ 
ing by which a com- 
muiiication is made 
between the interior 
of the receiver and 
of the cylinders P, 

P, Thi s Communi¬ 
cation i^ eflTccEed by 
a lube or pipe pass¬ 
ing through the 
body of the plate At 
and then branching 
olTat righi angles, as 
shown by AVu AVj, 
in fig. which 
represents a hori- 
lontol section of the 
ntachinc. In the 

0'lin«l«r»—whkh art cninindnljr of glass and wliich arc firmty cemented 10 
me pbic A^ane 1*0 pistons, P and Q, moving air-tight. Eacli piston is 
moved by a rack, working with a pinion, J|, turning by a handle, M. This 
IS shown more plainly in fig. 156, whidi rEprGsenls a vcrticaJ section of the 
Mchme througli the cylindere; liere 11 is the pinion, ant! MN (he handle. 
vMicn il is forced dawn one piston is raised, and the oiber depressed. 
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Whcn M‘» action is rtver&od, the formtr piston h deprtssed, and the latter 

' The action of ihe machine Is this. Each cylinder is filled with q valve 

sn ctrtiirivcd thau when ll5 pinton is raistt^ cominiinicariori li openc<J between 
the blinder and ihc receiver: when it is depres&ed the cmnmuniciitianjs 
closed. Now if P were simply raised, a vnetium wouJd be fotined beinw P ■ 
blit AS a communicatiun Is opened with the receiver Ep the atr in E expands 
so as Eci dll both the receiver and the cylinder. As soon as the piston 
beknns to destend, the eornmunicalioti h closedp nind none of the Air in the 
cylinder returns to the receiver, butp by means nf pmperly constructed 



valves, escapes into the atmosphere, Conscquenily the rarefaction which 
the air in the recei’fc^r has undcfgone is permunGni. Lty the next stroke a 
further rarefaction is produced : and so on, at each socceedanp stmke. 

It 15 clear ibat when the rarefaction has proceeded to a consicterabie 
eatent, the atmospheric pressure on the top of P will be very' great, but h will 
be very nearly balanced by the atmofiplieric pressure on the top of the other 
pistoTu Conseiiuenily the eapcriTnenter wHI have to overcome only (he 
difTeirnce of the two pressures. This is the reason why two cy linders arts 
employed. 

To explain the action of the vah-es we must go into (j,irtjcijl.trs. The 
general arrangement of the inEcrior of the cylinders is shown in % 158. 
fig 161 show's the section of a piston in detail. Tlie piston ia formed of 

iwi) brass discs i X and V), screwed tn one another^ and compressing between 

them a series of kadier discs JE, whose diiuneters are slightly greater than 
those ot the brass disci. The leather is thoroughly saEuraled with oil^ so as 
t<i slide air-tight, though with buE litEle friction, within the cylinder^ Tn tht 
centre of ihe upper disc is screwed a piecc^ il, to w hich the rack H is riveted. 
The piece B is pierced, so ai tn put the interior of the cylinder into commu¬ 
nication wiih the external air This communication is closed by a vafve A 
held down by a delicate spring When the piston is moved downward 
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the air below the pislon is compressed until it forces up f and e^copes^ 
The instant ihc aetiort Is reversed, the mlvc f falls, and is held cinwa by ihc 
spring, and by the pressure nf the externaJ air^ 
which li thereby kepi from coming in# The com- 
Tuunicalion between the cylinder below the piston 
and the rceeiver is opened and closed by the valve 
marked In fig, 153, and jr^if In i 5 g. 161. The rod 
passing through the piston ts held by friction, 
and is raisiid whh it; but Is kept from being lifted 
through more than a very small distance by the 
top of the Cylinder, while the plstcuit in continuing 
its upward motion^ slides q^er fjf, ^^Iten the 
pislan descends it brings the lalve with it, w'hich 
at once Cuts ofi" the ei»mmunication between the 
cylinder pT-nd the receiver, 

t^^t. Alr-paiap ran^e. —When the pump has 
been workisl some time, the pressure in the rc^ 
ceiver ii indicated by the difference nf level of tlie 
mercury in the two legs nf a glass lube bent like a 
fi>'phon, one of which is npenGdj and the other 
rinsed like the bammetcr. Thii little apparatu.%f 
which is called ilie is hxed to an upright 

scale, and placed under a small bell jar, which 
communicates with the receiver E by a stopcock, inserle^l in the tube 
leading fron] the orifice C to [he C) lindera, fig, 156, 

Before commencing lo exhaust the air in the receiver, its e!a.stic forte 
esccthcls the weight of the column of mercun% wfiieh is in the closed branch 
and wliich consequently rtnuiiiis full But as the pump h w'orked, the 
elastic force soon dimlnishei^ and is unable to support ihc weight of the 
mercury^ which sinks and teneb to BUmd at the same level in both legs. If 
an absolute vatruum could be produced, they would be exactly on the winw 
Jcveh for there would be no pressure either on the one side or the other. Hut 
with the ver>^ beist machines the level is always about a thirtieth of an inch 
higher in ihc closed branch, which Indicates that the vacuum is notabsolute, 
for the elastic force of the residue Ls equal to the pressure of a CE^umn of 
inercuT}' of that height. 

Theoretically an absuluic vacuum is impossible | for, since the volume 
of each cylinder lii, say, that of the receiver^ only J- of ihe air In the 
receiver is extmcti.^ at each stroke of ihe piston, and ccinsequcntty it im¬ 
possible to ejchaust all she air which it cqnSains, l‘hc [lienretical degree of 
exhaustion after a given number nf strokes is easily calculated as follows :—. 
Let A denote the vnhime of the receiver, Including in that term the pipe; 
B the volume of the cylinder between the higlitsl and lowest positions of 
the piston ^ (ind assume for the sake of distinctness that there is only one 
cylinder j then the afr w]tith occupied A before the pistun Is lifted occupies 
A + H after it is lifted, and cunscquenily if D, is the den^^ity at the end uf the 
first stroke and l> the orgtnal density^ we must Jiavt 



FJg. 1*1. 




TJ 


A 

A+B 











158 


Ou 


[ 191 - 


If is th-c density ILL 
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the end of the second stroke^ wc have for just the 


l\ 


l>. 


A 

a+m"* 



Now this rciiJinaitng wili apply to n airokes; 


eonscquencly 



If there ^re two equal cylinders^ ihc same formula holds; but in this ea^5tt 
in counting upstrokes and downsirokes equally retkon as ttwr. 

It is ob^iDus that Uie e^hnu^tion is neL^r complete, stnce U can be rcro. 
only when n is infinite. How^ever, no very j^real number nf atrokes is re¬ 
quired to Tender the ex^liaustion viitually coinplelc, even If A is several litnes 
Urtatcr than B. Tims if A ■ to U, a hundred strokes will reduce the density 
from [> tuO«04 D \ that is» if the initial pnesAure is 30 in,, Uie pressure at 
die end of too strokes is ooti of an inch. 

Fmclically^ however^ a limit is placed on the rarefaction that can be pro¬ 
duced by any ^iven air-pump t for, as we have seen, ihe air bccumci ulti¬ 
mately so rarefied ihai, when the pistons nre at the boiEom of the cylinder^ 
its clastEc force cnnool uvercoine the pressure on the valves In the inside of 
the piston ; they thtrefort do not open, and there is rm furtlicr action of the 
pumpi 

T93. s 911I1Iv-exiia ueting; iiepeoek.—Hriblitet invented an improved 
<ttopcock, by which (he eithaustion of the air can be carried lo a vcr>‘ high 
degree. This stcipcock is placed in the fork of (he pipe leading from the 
TEcdver to the two cylinders; it is perforated by sevemi channels^ which 
ore successively used by luming ti idto two diderenl pcstiotis. Kig. 157 re¬ 
presents a horiionEal section of the stopcock K, in such a posiiiou iliat, by 
its central upening and two Literal openingii^ it forms a eotnmunlcation 
between the ori lice K of the plaic^ and the l wd valves 0 and j. The ntachine 
then works as has been describcsl In fig. 160 the slopciKk hus been 
turned a quarten and tiic iransverHal chanrie] ^r^, which was hnriiontJiL tn 
fig. 137, is now vertical, and its eKEremitics arc closed by the side of the hole 
in which the sEopcdck worksL ItuE a second ehannek which was clobcd 
before, and which hEis taken the place of the first, riow places the right 
cylinder In communication with the reGciver by the charmcl c#/(tig. 

j 6 o], and it further ciimneclta the right with the left ry linder by a channel 

(fig. 160)+ or dr/o& (fig. 15.8). 'nils channel passes from a central npeniug 
ff, placed m the base of the right cyllndeq across the stopcock to the valve, 
1^, of the OEhcr cylinder, as represented in figs. 159 and r6o : but this channel 
is closed by the sEopeuck when it is in Its first position, as seen in dgs^ 
t57 and 158. 

The right piston in rising exliausts the air of the receiver, but wheri it 
descends the exliaustcri oJr is driveu Into the kft cylinder through the 
orifice the chaiinEl /o, and the valve o (fig, 11-5)^ which U uperL When 
the same piston rises, that of ihe Icfi sinks j but the air which is above 
it does not rcEum into the right cylintlcr^ because the viilvc ^ is now 
closed. As the righi cylinder continues to cahaust ihc aif in the receiv er, 
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3ind to force it \n\o the left c>liTndcr» the accumuSalea here, aftd ylti- 
inalely acquires sufiftcieni leniion to raise the vajve of the piston Q, which 
wn5 impossible before the stopcock was lymed, for it is only when the 
\aJves 111 ihe pblon on lon^r open, that a quarter of a turn is given to the 
stopcock. 

193;, aiaaelir* -Binuclil invented an air-puinp vrhich has 

several advantages. It is rnade emirely of iron, and it has only one cylirLder, 
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whiEih oscillates on a horiionlaJ axis fixed at Its base as seen in hg. tSs- 
A horiiontD] shaft, with heavy Ay-wheeh V, works in a frume, and U turned 
by a handle, M. A tftink^ iw, which is joineti to the toip nf the pistem-rod,^ is 
hxed lo the ^inc shnft, and ctt^nsequently at every revolution of the wherl 
ihc cylinder makes two oscilblious^ 
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In some in iKni shown in ihe the crank and ihe By-whccL 

nre on axea connecieil byn pair of The modidiratlon in 

[he action produced by this nr^ 
lani^ement Ls as folEo'M^--^If [he 
co^-U'heel Ofii the fnnncr micis fi^a 
iwice n$> rnnny teeth as tlyit on the 
latter ajds, the pressure which mises 
I he piston is doubled; an advantage 
whirh is ecmntcrbaknccd by the 
incoia^-enienoe that no^rt- the piston 
will make one osciilaiion f^jr one 
revniiition of the fly-wheeJr 

The machine is double actinj^ ; 
ihat lit the piston PP ffig; 163) pro¬ 
duces a vacuum^ both in ascending 
and descendinj^. This is effected 
b%' the following arrangemeuls 
In the piston there is a valve, 
npeniug upuTirdi^ ns in iheoTdlnary 
nuichine, 'Fhe piston rod AA Is 
hollow,, and in the tnslde there is a 
copper tube, X, by w^hidi the air 
makes its escape llirotJith the ralve 
At the top of the cylinder there 
is a sec«md opening up¬ 

wards, An iron md^ Dtwndts with 
gentle fiictinn in the pislon, and 
terminates at its ends in iwocivniral 
valves, s and i\ which fit into the 
openings cif the tube UB leading m 
the rtceii-er. 

Let us suppose the pUton de¬ 
scends, The valve jr* Is ihcii etosedt 
and, the s being open, the air 
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of [he receiver passes in the ^pace aboii- the piston, while (he air in the 
space behsw the piston undergoes comptessumTi and, raising the valve, 
escap^ by (he lube X, which communicates with the atmosphere. When 
tht^ piston ascends, the exhatistinri tabes place through and the valve j 
being closed, the compressed air escapes by ihe valve 4i. 

The nuichine has a stopcock for" double cxhauscirm, similar in (loit 
already described < 192). It is nliio oikd in an ingenious ttiannct. A cup, E, 
round the rod Is lillcfl with oil, which passes into the annular space between 
the rod .AA and the tube X ; it passes then into a tube ntf, in the piston, and, 
forced by the atniuspheric pressurei is unirurmly distributed tin the surface 
of the piston. 

The apparatus^ bemg of irtmi, may be made of much greater diniensaons 
than the ordinary air-pumpi. A vacuum can aisi> be produced with it in far 
Jess time and in appnratui of greater sbe than usual. 

SeUnil'fl Mr-viunp.— In this air-pump the main peculiarity is it.** 
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piston, which is of consldcnihk tcTigth and consists of a of aerearitdjr 

cun^tniclcd mctaJ disrs baited together. This works eajiUy and smoothly in 
thi: barrel^ and no paoking^ or lubricator is use-d ' or rather the lubricator Lf 
the air in the space between the piston and the barreL The internal 
friction of the air in this narrow space is m great that the rate at which ii 
leaks into the baTTcl is far inferior to the rale at nhich the pump is exhausting 
air from the recth^en And Clerk Maxwell has shown that the inlernoj 
frictian is not diminished even when its density is greatly reduced^ Hence 
the pump Warts vetj' satisfactorily up 
in a Considerable degree of exhaustion 
—in a mtllinictre of mcrcur>'j for in¬ 
stance. 

191 , « air - nuinp. — 

Sprtngel hSLs derised a fam!i of air- 
pntnp whiLh depends on the pHnelple 
of Converting the space 10 be exhausted 
into a Torricellian vacuum. 

If an aperture be made in the lop 
of a barometer tube, the mercury^ sin|» 
and draws in air; If the experiment 
be so arranged as to allow air to enter 
along with mercury, and if the supply 
of air be limited w’hile that of mercury 
is unliiTiited, the air will be carried 
away and a vacuum produced, 'thi! 
following is the simplest form of the ap¬ 
paratus in which this action is realised. 

In fig, J64 ctf is a glass tube longer 
than a barometer^ open at both ends* 
and connectedp by means of india- 
nibber tubing, with .x funnel, A^ filled 
w ith mcrrur>' and supported by a stand. 

Mercury' is allowed to fall in thh tube 
at a rate reguliited by a clamp at r; 
she lower end of the tube r^/fits in the 
wdiich has a spout at the side 
a little higher lhan the lawyer end of 
rrf; the uppt?r part has a biwnch at or 
lo w-hich a receiver K can be tightly 
fixed When the damp at r is opened, 
the first portions of mercury^ which run 
out dose Ehe tube and prevent air 






tC. ^ i» alla«-cd to n,n dotm. the ett* 

SS. whole length or t|,« tube fti>m x lo rf i, fiil«! 

^ IwviTiii a doi^ nwiird motion, Air »nd 

whe^Th!*^"* basin A, 

the A ** It h poured back from time to time into 

nit: A ^ ^ rejMisMd through the tube until the exhau^ion i» eom- 

- s IS pomt IS appruached the enclascd air between the mercury 






i6^ Ofi Oifscs. [10a- 

rylindens is seen lo dimlnlali^ until the tower part of fd fonnfi a eontinuovts 
column of merenry about jo inches high. Toward! this -siage of the process 
a noise h heard like thai of a watcr-bammL-r when shaken ; the operation is 
completed when the eolamn of inerErury encloses no air, and a drop nf increury 
falls or the li^p of the column without enclosing the slightest air-bubble. 
The height of the column then represents the height of the column of 
mcrcuT)- in the barometer; in other words it is a barometer wdiose Torricellian 
eacuum is the receiver R. This appamtus has been used with great success 
in eKperiments in which a very' complete exhaustion is required, as in the 
prcparalion of GeissleKs tubes, (Sec Book X. Chapter VJ.) it may be 
ad ^TOtageousty combined with an exhausting syringe, which first removes 
the greater part tif the air, the exhaustion being then completed as above. 

The most perfcci vacua arc obtained by absorbing the residual gas, after 
the exhausliOin has been pushed as far as possible, eitJier inochanicallyf or 
by some substance with ^vhkh il combints chemicaJiy. Thus Dewar iias 
produced a ^-acuum which he estimates at of a millimetre by heating 
chnrconi to redness, in a vessel from which air had been exhausted by the 
.Sprengel pump^ a.m[ then allnwing it to cool. Finkener lilled a vesBct with 

oxygen, then exliaustcd as far 
as pcisidblct and finally heatedi 
to redness ^omc copper con¬ 
tained in the vessel. This ab¬ 
sorbed Ehe minute quantity of 
gas left, with the furmaEion of 
cupric oxide. In some nf bis 
experiments Crookes ohtnined 
by chemicai means a vacuutn of 
inoHKi ^ tnillimcln^ Iti these 
« highly rarefied gases Ehc pres¬ 
sure is so low that it is vciy 
difftcuh to measure ininuie dib 
fercncitsu For such casus 
McLeod has devised a %'cry 
valuable mcEh^id, ilic principle 
■iif which is to condense ^ mcni' 
surt^d volume of the highly 
raielied gas to a much smaUeir 
volume^ and then to measure 
its prt^re under the new con¬ 
ditions. 

196^ SoMwenV filter pump- 
—This IS a very convenient 
armngenicrvt for prtjducing a 
vacuum in cases where a good 
supply of wafer is available, as 
in bbotatoriesu Its principle is 
the same as that of SprengtVs pump. A Composition tube ti ffig. ibjh 
cimnected with the scmce-pipe of a water-supply^ is joined by means of a 
camitchouc Eube m a glass tube rdf^ tu w hich is attached at / a leaden Eubc 
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abnul 10 IQ yards long. TUq tube Jr is connected vi tih (he space lo be 
eshauiited^ Ttie w;:iter enters by and In falling down the lube carries 
with it air from the spate to be exhausted. The supply of water, siuid 
there with the rate of cxbsmstiun, can be regulated by the stopcock ^ ; the 
bent lube, fifi which contains mercuryv measures the degree t 4 esihaustion, 
which may be reduced lo a pre^aure of so 10 millimetres. 

197. *ap<rnHw.ff acilon nr enrrBDtft of air. — IhV^en a jet of Jltjuid or of 
a gas passes through atr it carries the surrounding air along with It j fresh 
air rashes in (0 supply its places, comes also in Contact with ihc jet, and is In 
like matincr carried away. Thus^ then, there Is a continual rarelaclion 
of the air amund the jet, In const^uence of tvhich it everts an aspiratory 
action. 

This phenomenon may be w^ll lllaslra(cd by means of un apparatus re¬ 
presented in fig, 166, the analogy of which to the experiment described (213^ 
will be M once evident It eonsiits of a wide 

gli-Lss tube in the two ends of w liich are fined - _»_ jpj 

I we small tubes and ft; in the buttam f ^ ,-^ i^L i. 

is a manometer tube coFitaining a coloured " 

liquid. On blowing thrOLigh the narroiiv tube 

the liquid at h to rise. Ifi on^he con- 

irnry, ihe w'lde tube be blnwm intOj a^’ilepres- jT 

sion is produced at e, ** 

To this ela.s& of phenumcna belongs the 
following esperitnentp whtcli Is a simple mo- 
difientian by Paniday of one originally dc* Fi*. 16&. 

scribed by criement and Desormes. Molding 

une hand horizontalf the palm dowTuw-ards and the fingers closed, blow’ 
through the space between the tndeas anti middle lingcn If a piece of light 
piper, of 3 or 3 square inches^ is held against the aperture^ it does not fall as 
long a* the blowing continues. 

The aid still used in mouncainnus places where there is a 

continuous fait is a furdier application of the principle. Water falling from 
a reseri'oir down a narrow tube divides and enrries air along with it; and if 
there arc apertures iti the side through w'hich air can enter, this also is 
carried along, and becomes a[:ciiJnulatcd in a reservoir placed below, from 
which by means of a laleml tulw It can be directed into the hearth of a 
forge. 

By the n jet nf steam entering the chimney of the 

locomotive carries liie air awa>% so lha( fresh air must arrive through the 
fire and thus the dmught be kept up. In water h pumped 

by means of a jet of sloani into the boiler of a stcam-engino. 

Morrea# moreu^ piuop.- -Figs, tfiy and rcprwnl a nvercu- 
nal air-pump, w^bieh is an improvement by Alvergniat of a form devised by 
Morren. 

U consists of two reservoir^ A and B, figs, 167 and m, connected by a 
baraineter tu^ T and n long caoutchouc tube C. The re^er^oir B and the 
to a vertical support A, which 15^ movable and open^ and 
CM be alternately mised and lowered through a distance of nearly four feet. 
This is effected by means of a long wire rxvpe, which is fixed at one end 10 
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ihL- rMn'oir and passes ov'Orfwa putlcjfs, a and thr latter of which U 
turned by a handte. Above the rt^erv uir B 1$ a ihrec-wfay errek a j Eo this is 
attached a tube rf, for exhau^rian, and on the left is an ordinary' stojKock 
which communicates with a Ttsen uir of mercury and with the air. TIac 
exhausting tube ^/is not in direct comniuTiicatiuTi with the rtccivcrtn be ex- 
haus^ted ; it is Ant connected uith a iicservnirt?^ partially filled mih sulphuric 
acid, and designed lo dry the gases which enter the apparatus. A caout- 


»"»<■ **7- Fie. i«u 

chouc tube, e, makes communi cation with the Teceiver which is to be ex¬ 
hausted. On the reservoir a is a small mercury manometer fi. 

These detailii being understcHxb suppose the rcscr^'oir A at the top of its 
course (fig^ 167), the stopcock w open, and the stopeock tt turned as seen ia 
Z ; the caouiehauc tubt the tube the resen-oir and the lube above 
are filled with ^nrurj,^ a$ fbr as v ; closing then the stopcock wi, and lower¬ 
ing the reser^'oir A fftg. i6S)t tbe mercury' sinks in the rtsen oir D, and in the 
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tube Ti, Until tbe diilTeriince of in the two tubes is equal to the baro- 

iiketHc helj^ht. and thtre is a vjicuuiii in the reservoir if. Tumin;^ ntyw Uiu 
^tuj^Qck fl. Its shown In fiifure X* the (jas from the apaue to be exhausted 
passes into the barometric chontber B, by the tubes cand and the Ic^'cl 
a^^-iin rinks in the tube T. The stopcocks are now replaced in the first posi¬ 
tion (hji;. Z)y and the resen-oir A Ls a^-ain tificti^ the excess of pressure of 
mercury in the canutchtmc tube expels through the stopcocks ft and w the 
gas which had passed into the chamber K, and if a few droplets of niercury 
are ciuriefl along^ with them I hey are collected in the vessel The pro¬ 
cess is repeated unEil the mcrcur)' is virtually at rhe level in both 

lej^s. 

Like SprengeFs pump, ibis is very alow in its ivorking^ and, like it, is best 
employed in cc>mplcLiii|r the exhamition of a apace which has already been 
partially rarefied ; fur a vacuum of nf a millimetinc mjty be obtained 
by its meausu 

1^ pumF.— llie condensing pump ts an apparatus for 

compressing air, or any other j^as. The form usually adopted is the follow¬ 
ing: — In a cylinder, A, of Ismail diameter 
(fig, Ijo), Shcre is a solid piston, the md 
of which is moved by the hand. The 
cylinder is provided with a screw which 
hts into the receiver Fig. 169 shows 
the arrangement of the valves, whkh are 
so constructed that the iaterul valve <i 
opens from the outstde, and the lower 
vali e f from the inside. 

When the piston descends, the valve 
^ doses, and the clastic force of the com¬ 
pressed air opens the valve j, which thus 
atlews the compressed air to pass into 
[he receiver. When the piston ascends, 
s ebses and opens, and pemihs the 
entrance of fresh air, which in mm be^ 
conies compressed by the descent of the 
piston, and so on. 

This apparatus is chiedy uijed for 
charging liquids with gases. For this 
purpcHse the stopcock B is connected with 
a toen-oir of [he gaa, by means of the 
tube D. The pump exhausts this gas, 
and forces Ie into the vessel K. in wiiiirh 
the liquid Is coniained The artificial 
gaseous waters arc made by means of 
analogous apparatus. 

The principle nf the condcn*In(t pump hus man, appliemions, sudh m in 

mail p„„p „«d by f„r nnd for cir^ring ™ pi«^ In 

^ennlaiinfi: mines, in supplying dr to blast furnaces, and so fonfo ^ 

niany «perim«nis wtih tbc air- 
pump have b«n already descnbed. Such are the mercurial rain (liJ, the 
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{rU bodies In vacyo t77]i Oie b!iwldcr(i47), ibc hursHngof n binddcr (i |3), 
the Maj^debui^^ beimisphcres [i54)j tbe bflroiiC&pc 

The fuunmin in vacuo (fig* 17 ij is an cspcrimcnl marie u'Uh the nir^ptimp^ 
and shows the claBlsc force of the air. I t consists of a jjkss vtiseL A, 

provided at the 
hottoin with a 
stopecKjk, and a 
tuhulurc which 
projects into the 
Interior. Having 
screwed this ap- 
pafatus to the 
air-pump it is c!e- 
haunted, and| the 
stopccick being 
closed,, h H 
placed in a vessel 
of water^ K, 
Opening then the 
stopcockt the ai- 
ntospheric prea- 
suro the 

water in the ves^ 
scl makes it jet 
through the ty- 
hulyre into ihc 
Interior of the 
vesseh as shown 

in the drawing. 

Fig. 173 represents an cxperimcnl illustrating the effect nf atmospheric 
pressu re on the human body. A glass vesscL « at both endst being plwced 
on the plate of the machine^ the upper end of die cjdindcr is closed by the 
hand, and a vacuum is made. The hand then becomes pressed by the 
i weight of the atmosphere, and can only be taken away by a great effnrL 
And as the clasdciiy of the duids contained in the organs is not countCr- 
baJanced by the w eight of the atmosphere, the paJm of the hand swells, and 
blood lends to escape from the pores- 

By means of the air-pump It may he shown that air, by reason of the 
osygen it contains^ h ncce5sar>' for the support of combu^don and of life. 

Far if wt: place a lighted taper ynder the receiver, and begin to eshaust the 
air^ lUe dame becomes weaker as rarefaction proceeds, and is finally cxlin- ^ 
gulshed. Similarly an nnimal faints and dies if a vacuum is foniTrcd in a 
receiver under which it is placed. MHinimaJia and birds soon die in vacuo. 
Fish and reptiles support the loss of air fur a much longer lime. Jnsecls 
can live seveml days in vacuo. 

Substances liable to ferment may be kept In t'acuo for a long linie with¬ 
out altemtion, us they are not in contact with oitj-gen, which Is neccssarj' for 
fermcneatiuiu Food kept in hcrmciicalty-doscd cases, from w'hJch ih* air 
had been eA:hwu5ted, has been found as fresh after several years at on the 
hrst day. 
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2 Ql. rDDDmln. Htro'fi rnunmln, which dcn%'Cji ttiirrK;! rn^in its 

inventnrt Hero* who lived at Akxandrin'i, l::o B^c., dtpciids on ihc elasticity 
of tlte air. It consiats of 
a brass dUh, l> e73 ). 
a.tid of two glass giobca, 

M and Tile dish com- 
ttiunicnies with the Ipmcr 
ixirt of the gtobe N by a 
long tube, U | and another 
tube, A.J cotincds the 
globes, A third tube 
passes thn;»ugli the dish 
O lo the lotl'er part of 
the gtobe Tliis tube 
having bceu taken tvau 
the globe M h partially 
tilled w ith w:ktcr, the lube 
la tlitn replaced, and 
water is pi^urcd into the 
dish, llac welter flows 
thmngh tJic lube B into 
the tower globe, and es- 
pcls the air, which is 
forced into the upj>er 
globei the air, thus com¬ 
pressed, acts upon the 
water, and makes ir jet 
nut as jnepreiu=iil;cd in the 
figun.% ifk were not for 
the resistance of the at¬ 
mosphere and nietinn, 

the liquid would rise to a height aboic the water in the dish equal to the 
difference of ihe level in the two globes, 

WntormJttflnt fatuiiala. Tlie depends partEy 

tm the elastic force of the air and partly on the atmospheric pressure? Ii 
^iisti of a stoppered gkiss globe (C, fig. J74), provided with two or three 
capillarj' fubuluies, !>, A glass tube npen at both ends reaches at one end 
so the upper pnit of the globe C ; the other end terminates just above a little 
apenure m the diiah B, w-hkh suppnns the whole apparatus, 

^ twn^thtrds hlled. runs out by 

. D, M shnwi, m the figure; the intertial pre^isure at D being ^..al 
Cli Ihf together with the weight of the column of wuter 

at that paint is only that of the atmosphere. 

J ^e conditions prevail so long as the lower end of the glasstube is open ; 

^ the air in C the sumc density 

^sh apparatus is arranged so that the orifice in the 

d sb B does not allow so much wTiter to flow out as it receives from the tubes 

the gradually nW in the dish, and closes 

d of ibc glass tube. As the external air cannot now enter the 
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^obi^ Cp the aer becnmcs rarefied in pmp^rtien ns the flow cnntinuei^ until 
ilie preiiturt: of the cnlumn nf water CD, to^eEher with the lension of the air 
cimEaincd irt [he glohet is c^ual to this t-xiemal presstjre aE l?s the fiowcoa- 
sct|Litntly stops. J^ut a5 water continues to ftaw out of the dish Bp the tube 
D becomEs open again, air enlerSp anti the fltiw rcctsntmenccip and m on, as 
long as there is water in the globe C. 

J03. me flirpitoii. The syphon is a bent tube open at both ends, and 
wiih unM|ua] %s (fig, 17$}. It is used in transferring liquids in the fiillowiag 

manner : — The syphon infilled with some 
tiquidp and, the two end? being elosed, 
the shorter leg is dipped in the liquidp as 
representedi i t or the shorter leg 
having been dipped in the liquid, the air 
is e.^hau5ted by applying the mouth at B. 
A vacuum is thus produced^ the liquid in 
C rises and fills the tube in cons^uence 
flf the atiaospherif: pressure. It will then 
run out through the syphon as long as the 
shorter end dips in the liquid. 

To ojcplain this Ilow of w-ater from Ehe 
syphon, let us suppose it filled and the 
ihort leg immersed in the liquid The 
pressure then acting on C, and tending to 
r^isc the liquid in the lubcp ia the atmE>- 
spheric pre^ure minus the height of the 
column of liquid DC. In like manner, 
the pressure on the end of the tube, is.the weight of the atmosphere less 
the pressure of the colunin of liquid Ali. But as iluj latter culuitin is longer 
than CDp the force acting at 1 ) is less than the force acting at C, and con- 
sequcnily a fiow tnkes place prnpnrt tonal to the dififeiutice between the&e 
two forces. The flow will therefore be more rapid in proportion hs the 
difFcrenct nf level between rhe aperture B and ihe surface of the liquid in C 
is greater. 

It follows from I he iheorj- of the syphon that it would noE work in vacuo, 
nor if the height CD were greater than, that of n 
column of liquid w'htch countcrbLilances the atmu' 
spheric pressure. 

304, vUm lAtemiitteat sjrpboD. — In the /nUr- 
syphon the flow is not continuuus. It ia 
arranged in a ^ tswl, su ihat the shorter leg is near 
tlio boEtom of the vesael, while the longer leg passes 
through it {%, Being fed by a constant sup¬ 

ply of w'aEetp the level gradually rises both in the 
vessel and in ihc tube lo ihc top of the sy'phont 
which it hi Ls, and wnter begins to flow oue. But the 
apparatus is arranged so that the fluw- of the e^'phon 
more rapid than that of the tube which supplies 
the vessel, and consequently the level sinks in the vessel ur?til the shorter 
branch no longer dips m {he liquid : the syphon is then empty, and the flow 
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<C 4 L 5 C 5 , Hut as the VMiel h (.oatlniially fed h\>m the same Ksurce, Lise kiv^l 
nsesr and the same series nf phcni^meaa is repmducecL 

The thear>’ of ihe LiHermittciit syphon cKpkins the natural intormiEtent 
springs which are ffPtmd io many dOLirLEriest and of which ihtR* is an excel¬ 
lent cziainple near Gigglcswick in Yorkshin?. ^!a^y of these springs furnish 
water for several days or months, and then^ after stopping for a certain in- 
lenal, again recommence^ In others the flow' stops and recommences 
several times in an hour. 

These phetniimcna arc explained byoEsuining that there are-subterranean 
fuuTiEains, w hich are mure or less slowly filled by spring, and which arc then 
emptied by fissures so occurring in the ground as to form an intennittent 
syphom 

305, SLOfireDt Kinds of pnn^pM. —Pumfii arc machines Tvbich serv^e to 
misc water either by sucIioo^ bypressurcj or by both efibrta combined; they 
arc consequently divided into fUi'jfiou As, and suf/wft 

1 he various parts entering into the construction of a pump are the barrel^ 
the piston, the valvti^ and the pipes. The is a cylinder of metal or 
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1 ‘I*® The Inttcr ts a metal or woexTen cylinder 

barS!'** worfeinif with gentle friction the whole length of the 

leather, which alternately close the 

me TM/rv >:%. 177 ) and the (fig. 178 ^. The first is a 

n.!»rf u„ ;:'ii jl' r«3c; 

leai^er^ "^’‘T '* cocenjd with ihicit 

di^ «;r ^ valve consist, merely of a leather disc, of lanfer 

eSs i. t ™ I'* fle«biliiv 

cnaoies It to acE as a hinge. 

«**’"!? an aperture of the 
lived to iCvalve^T^'* K “ ' 7 V™-P’ passes a bolt.iicad 

II ■' mtsed by the wmcr, and to prevent us removal, 
as ^ »79 tepmsemsatnodd of a suction pump such 

H'f same arrangement as the immos in 

iiR into tHer^nnir from which water is to be raised : ird of i 

i» petfl,ntcd*hv*'’’h''l** v^cirkcd by a handle.' P.’ Tlie piston 

' **'* »>>■ - O, open. 
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When thr piston nses froni the botioni of the cj-liTuicr Ri a ^.^a-cuum h 
producect telowp and the vulve O is kept dosed by the ntmospberic pre*- 

iurc, while tlie air in the pipe in 
consequence of its ciaslicityi raises the 
valve Sp and partially passes into the 
ts’linder. The air heinj^ thus rarefied, 
waiter tiaea in the pipe until the pres¬ 
sure of the liquid column, lo^dhcf 
with the tension of ibe mrefied air 
which Temitina in the lube, counter¬ 
balances the pressure nf the aimu- 
sphcrc on the iA‘ater of the reservoir* 
When the piston descends, the 
vaivc S closes by its own weiKhtt and 
prevent a the return uf the air from the 
c^'linder into the lube A* The air 
compressed by the piston opens the 
Viihe Q* and escapes into the atmo¬ 
sphere by the pipe C. With a second 
stroke of the piston the same senes ol 
phenomena is produced, and after a 
few strokes the water reaches the 
cylinder. J'hc effect is now sontewliat 
modified : durini; the descent of the 
piston, the valve S closes, ^itid the 
water raises the valve O, and piutses 
abo%eihe piston by which it h lifted 
into the upper resen'oir There is 
now no more air In the pumpp and the 
water forced by the atmospheric prw- 
surt rises with the plst<m, provided 
that w hen it is at the sumniit of its courie it is not mon: than M 
above the level of the water in which the tube A dips^ for we have seen 
(t f6) that a column of water of this height is et^ual to the pressure of the 

atmosphere^ , 

In practice the heighl nf the tube A does not exceed 26 lo 2B feet, 
for, although the atmospheric prcisure can support a higher colmniv the 
vacuum produced inthe barrel is not perfect, owuig to the fact that the piston 
does no! fit eitacily on the bottom of the barreL But when the water 
haA passed the piston, it a the ascerLding force of the latter which raises it, 
.tnd the height to which it can be brought depends oti the force which moves 
the piston. 

307. Saertaa nod Coree —TTfie action of !ht 5 punip, a iiUMlCl of 

which is represented in Jtg. iSo, deptudi both on exhaustion and on pressure. 
A! the bale of the barrel, where it is connecEed with the tube A, there is a 
valve, b, which opens upw^aids* Another valve, opening in the same 
directionK closes the aperture of a cotiduli, w^bich passes from a hole, near 
the valve Sinto a vessel M, which is called the From this 

chamber there is another tube, li, up which the waitr Is forced. 
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At tiicti ascent of ilsc piston B, which is solid, the wairr rises through 
111* tube A into ihc barrel. When tlic piston sinks, the votive S closes, and 
the water IS farced through the valve O into the resen oir M, and from thence 
into the tube », Hie height to w|»ich It can be raised ia this tube denends 
solely i)n The inoHvc force which works the pump. ^ 

If the twlw l> were a prolongation of the tube Jrw, tJw flow uot,]d i_ 
ictniitteni; It would take place when the pUtoq descended, and would cease 
^ soon as It ascendedL But between these tubes there is an inienaJ which 
by means of the .-lir in the resenw M, ensures a continuous flow- The 
water forced into the reservoir M divides into two parts, one of w hich risini; 
in U, presses on the water in the reservoir by its weight; while ihc other in 
virtue of I his pressure, rises in the reservoir above the lower orifice of the 
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/ iut* tkts piston, W ikthnshi Uu ^vrHtut tUttatu t %>/fkt ^p,>ut 
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friiffi /At //7y/ flf/Ai' u*a/tr ift /At writriwr^' /Aa/ Acij^A/ /^ wA/tA ihr 

tim^rr h niisrd. For if H is ihe atmoiphtric pressure, k _the h^lRhl of the 
w^tcr ahtivc the piston, and h* Ehc hcijjhi of the cointitn which fills the suction 
lube A (fli;. i SoJ^and the lower part uf the barrel the pressure above the 
piston is nbvicMJsiy H and fhai below is H ^k\ since the weight of the 
column Attends icioninterhalnncc iht atmospheric pressure. But as the 
pressure H lends to raise the pistotip the eflfcctlve rcsistauce is equal to 
the cxc^« of U+A H - A\ that is to say» la A*k\ 

In the suction and force pump it Is readilj' Been that the prCBsure whkh 
ihe pistuti supports is also equal to the weight of a column of watery the Ikise 
of which is the scctioii of the plsiuo, and the height that to which the wnicr 

is riiised, * , , . L- i_ j 

209. yircBUKiii^P The fire cogme is n force pump in which n steady jei 

Ifi olniklncd by the aid of an air chaniber, and alsfi by tw^o pumps working 
alternately iSlJ- T!ie two pumps m and worked by the same lever 



ill. 

By* are immersed in a tank, which is kepi filled w ith water as lung as the 
pump wtiffei. From the arrangement i>f the val ves it will be seem that w hen 
one pump ft drawB water frem the Lank, the oilier m force* U into the 
tAiTmktr K ; whenee, by an ori&ce j£, it passes into the delivery tubCj by 
wdiieh it can be serit in any direction. 

\H‘ithoui the air chamber the jet would be iiitcrmittent, But as the velo¬ 
city of the w aicr on entering the resein‘dr i* less than on emeripngp the level 
<if the w'ater riaes above the ■orifice 2, compressing the air which fills the 
reservoir. Hence, whenever the piston aEops, ihe nir thus compressed, re¬ 
acting on the liquid, forces It out during Its mainentary stoppage, and thus 
keejis up a cunsiant flow. 
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2IC, ot ciAiix. Tamcexif'* ui«or4'i^+ Let 115 linn}^iiiie! tin 

jHipcrtUirc! tnacte In tlie bdtium ot ^ □fitcj conf^ider the ense of a par¬ 
ticle tif liquid oil the suffice, wlihout ftferentE id those which are bene^thK 
If tills particle fell freely, it wiyutd have a vclucit>^ on reaching the Qdlicc equal 
to that of any other body filling through the distance between the level of the 
liquid and the orifice. This, from the laws of falling bodies in which 

j^r is the uccekrating force of gravity, and A the height. If the liquid be main- 
luittod at the aiinie level, for iiistance, by a stream of waier running into tlic 
vessel sufiflcieiit to replace what has escaped^ the particles will follow one 
another with the same veloclO', and will Issue in the form of a stne^mi. jiince 
pressure Is transmitted ^uari> in all directions;, a liquid ttould issue fram 
an orifite in the side with the same \ elncity' provided the depth were the 
saute. 

The law' of the velocity of cflUujc was discovered by 'rorncellL I t may he 
enunciated Jis follows tr/fldfy o/r^/u.r ir fhe a fr^rdy 

falling bmfy ^'buM ^-rv an reaching thf tmjit* ajUr Mx>ing tfnrlfii from a 
state of rift at the turf me. It is iilgcbnticqlly tspresseti by the ftimtula 

V ^ V'Sjpt, 

Ji follows directly from this kw that the velocity of ctfjus depends nn the 
depth uf Ehe oHiice below the surface, and not on the nature of eIic liquid. 
Thraugh orihees of equal size and of the same depth, water and mercury' 
would issue with the same velocity, for although [he density of the latter 
liquid is greater, the weight of the column, and conjicqucntly the pressure^ is 
greater toa It folEuws further ihaE the velocities of efflux^ arc directly pto- 
partional to the square roots of the depth of the oriftcci. Water would issue 
from an orifice loo inches below the surface with ten times the velocity with 
which it would issue from one an inch below the surface. 

The quantities of waEcr which issue from orificts of differcuE areas are 
verj' nearly proportional lu the sise of the office, provided the Icvd reniam>i 
(■onstani. 


:i I. i|ir«etioD Qt tlie J9t from lwt«rai oriiiceg,— From the principle of 
the equal transmission of pressure, water issues from an orifice in the side of a 
vessel w ith the same velocity as from 
an aperture in the boltam of a vessel 
at the Same depth. Each particle of 
a jet issuing from the side of a vessel 
twgius to move liorimnEally with the 
velocity above mentlpncd, but it is at 
once drawn downward by Eht force 
of gravity In the same manner as a. 
buikt, fired from a gun, with its aj^is 
hoHim'niaL It is w^ell known that 
the bullcE describes a parabola fjo) 
with a Vertical anis^ the vcitcx being 
the muzile of the gun. Now sinre 

«a‘b purtictfr (if the Jet in the same curve, [he jpi it,clf latM ihr 

parabolic form, as shown in fig, 182, 

rji every' parabola there is ,1 certain pnint failed the fnni, and the 
distance frtitn the verier to the focus r»es the titajntttudc of Ji parabob in 
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muehthf same iiunneras the dislancc from (lie cflTitrc i:o the circumference 
tisics tiie moj^itude of .1 circle* Kovr it can easily be proved that the focus 
h as much belowp as ttie surface of the water is above, the nriHcc* Accord¬ 
ingly tlic jet^ formed by water coming from orifices at different depths below- 
the Surface lake dilTerent forms as sliown in 

212 . sciffbi or tbe j«t. — If a jet Issuing from an orifiee in a vertical dircc- 
tjoTi has die same velocity a^ a body would have which fell fram the surface 
of Ehe liquid to that onficr, the jet ought to rise iotlie level of Ehc liquidi I 
does ncHt, how-e^ cfT teach tliis s for the panlctes which fall binder it. Hut by 
inclining the Jet ai a small angle w llh the vertical, it reaches xibout 1“, of 
I lie theoretical height, tlie dificreuce being due to friction and lo the n^sist^ 
rtnee of the air, By e.vperiiiicnts of this nature the truth of Totricclli^s law 
has liecn demonstrated. 

3JJ. ^nanttiT orefflox. Vdna cdatraeta- —If w^e suppose the sides a( 
a vessel containing water In be thin^ and the orifirCe tube a small circle whose 
nre-i ii A, we might think that thequantity of w^atcrE discharged in a second 
would be given by the expression since each particle has, nn the 

EivLTiige+ a velocity equal to particles issue from each point of the 

^^rit^r■c, But this is by no means tlie cast I’htJi may be explained by re¬ 
ference to fig. in which AB represents an orifice in the 

^ bottom of a vessei»whai Is irue in this ™e being equally 

tnjc of an orifice in the side of the vessel. Evcr>' particle 
above AB endeavours to pa^-s out of tbe \-esscU and in 
dnlng exerts a pressure on those near it. Tlio^e thnit issue 
near A and IJ esert pressures in the directions M M and N ; 
those near the oentre of the orifice in tbe direction HQ,, those 
in the intennediate parts in I he direcliotifi t‘Q, PQ. In con- 
ftequenct; the water within the space PQP i^i imabte m 
escapct and that w’htch does escape, iustc.-id of roisuming a 
r^dindricat form, at first contracu^ and takes the form of a 
iruncated cone. It Is found that the e^^ping jet continues to contract^ until 
nt a distan ce from the ori^ce about cquril to the diameEcT of the orifice llii^ 
|:ian of the jet is called the tvna It is found that the area nf its 

Binnlleft section is about J or 0^2 of that of the orifice. Accordingl)% the 
true value trf the edlux per second h given approximately by the formula 

or die actual value of E is about 0-62 of its (riamfff. 

214* iBSoenc^ nr tubH oa the qitAELtlt^ df cOlax. —The resuU given 
in the last article has reference to an aperture in a thin w’all If a c^-lmdrical 
or conical efflux lobe or h fitted to the .iperturc* the amotint of the 

rflln!!, h considerably increased^ and In some eases falls but a lutle short of 
its theoretical amounE. 

A short cylindrical ajutage^ whose length ts from tw'o to three limes 
its diameter, has been f^jund to increase the efllux per second to alvottl 
Qr&2A^2j^/t. In this case, the w ater on entering ihfc^ ajutage forms a coti- 
ir^nied vein i'fig* 1S4;!, just as lE would do on issuing freely tnlo tbe air; 
hut aftcrwjAids it expands, and* in consequence of the adheslun of the w’ater 
to the interior surface of the lube, has, on leaving the ajutage, a section 
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j^rcaicr ihxn iliEii of tliie qronj rncted vein. The cnotraction of the jet nithin 
the Hijutagc cau^i ^ partisil vacuum, if an aperture is made in the ajutage^ 
nciir the point of greatest contracEiortp and is fttled w ith a vertical tubCj the 
mhet end of which dtps Into water ffig. jB 4 H itt is 
found that vrutCT riscji in the verticaltubc, therebj^ 
prriving tJie furmatinn of a partinit i.'acuurn. 

If the ajutage has the form of a conic fmstrum 
larger end is at the nperturcT the efflu.v to 
a seeund may be mised in o'^aA provided 

the dimensions arc properly dhasen. If the 
smaller end tif a fra^trum of a cone of soitahlc 
dimensiuns be fitted to tlie oriticc, the effluK may 
be still further increascd+nnd fall very' little short 
<4 the iheoreticHil amoutiL 

When the ajutage has more than a certain 
length, a cnitsidcmbic diminution lahes place in 
the amount nf the efhttx : for cacaniple^ if its Icngib 
is 4S limes its diameter, the effluK is reduced to a'6^A,/7j^k. This arises from 
the fact, that;, when water passes along cylindrical tuhes, the resistance in¬ 
creases with the length of the lube ; for a thin layer of liquid Is attracted to 
the walla by adhesforip and ihc tntcm.al flowing liquid ruba against this; 
The resistance which gives rise to this n^ult is railed i it 

is independent nf the niaienal of the tube^ provided it b&not roughened ; 
hut depends in a considerable degree on the viscosity of the liquid ; for 
tnstancet ice-cold wnier e^^penenecs a greater rci&isiance than lukew-ann 
waten 

According to Pmny,. the mean velocity v of water in a casi-irnn pipe, ol 
the length /, and the diameter j/, under the pressure /, is in ineires^ 



lly means of hydraulic pressure Tresca has submitted solids aucb as 
sliver, iead^ iron .Tiid steel, p<swders likesand+ soft plastic substances sudi ;is 
clay+ and brittle bodies like ice, to such enormous pressiirt^ as too^exM kilo¬ 
grammes, and has found that ilicy then behave like fluid bodies. His ex¬ 
periments show also that these bodies trarssmii pressure equally in nil 
direct Ions, when this pressure is considerable enough, 

3E5. ssiux tiirQWFi] eapiiiBTT tonoi, ^Thii was Investigated by 
l^oisseuLlle by means of the apparatuii represented in fig. tSj. in which the 
tapillaty- tube AB is sealed tn a gluis tube on which a btilb is btowm. Tiie 
v.dume of the space lietwcen the marks M and N is necumtely determined, 
and tilc apparatus having l>cen fined with the liquid under escamination by 
suction, the apparatus h conrtccicd .it ihe end M, with a reservoir of com¬ 
pressed air, in w*b 5 ch the pressure is rncasurtd by means nf a nicrrurj' mano- 
ineicr. The time U then tuHtd which is required for the level of the liquid 
In sink from M to N, the pressure remaining constant. Poisscuille thus found 
that the quanlity which flow's out in a given time, is represented by the 
farmul^ 
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whcrfr / is ihcprrsauret 
i*; a cunstnint, which 


Fti. 


knjrth o( ihc luhi?^ while jf 
of the liquid ; aod h ercH-iily 
inHucTiccd b^' the Icnipeni^ 
tyre. An increase fwjm o“ 
m do'^ C incrciiiii the quAn- 
I tty ihrecfnld- 

ai6L W^rm nr the Jet.— 
After the coiUracictl vein, 
the jet has the formof aMdid 
rad fbr a short distnnee, but 
then bc^ns to separate intn 
dropi^ which presen t a pecu ¬ 
liar appcanmct They seem 
its fomi a scriei nf veniml 
and nodal sc^pnents (hjj. 
|86). The ventral segments 
^nnsisi of drops c:^tentled in 
a hoiirtintal direction, and 


irf the diametert and / the 
varies with the nature 


the nod;d segments in a longiiudined direction. 

And as the ventral and nuiiiiJ segtnenti have respectively a liscd position, 
each drap miisi aliemately become elongated and dattened while it i$ falling 
[hg. 1^7j, Tktw'een any two drops there are smaller ones, so that the whole 
jet has a tnbedike appearance. 

If the jet is Tnomcntarily illuminated by the electric spark its structure is 
well seen : the drops appear then to be stationary , and separate from each 
r-ther 

if the aperture is not circular the form nf the jet undergoes curious 
changes. 

^17^ HjdTAblte t«Rrnt4U«ir^ If wTitcr be Contained in a vessel, and an 
aperture be made in one of the sides ihe pressure ai this point is removed, 
for il is expended in sending out the water: but it remains on the other side: 
and if the vessel were movable in a horizontal direction, it would move in a 
direction opposite that of the issuing jet. TIilb ts illustrated by the appa- 
ralus known as the A^raiihV fcufmiififff or mi// {fig. tKS). It con¬ 

sists of a glass vessel ii M i containing whaler, and capable of moving about its 
vertical axis. At the lower pari there is a^ubc, C, bcTil horimatnlly in oppo^ 
site directions at the twoendi If the vessel w'erc full of whaler and the tubes 


closed, the pressure on the sides of C w^oold balance each othcrt being equal 
.Tnd acting in contrary directions ; but» being open^ the wetter runs out, the 
pressure ta not exerted on the open part, but only on the opposfle side, as 
ihnwn in the ^gure A. And this pressure, not being ntutr^iliscd by an oppo- 
Htc pressure, imparts a rotatory motion in the direction of llie arrow, the 
velocity of which increases with (be height of the liquid and the size nf the 
aperture. 

The same prindple may be illustrated by Iht flriTlowing c^perimenl. A 
(all c>'l!nder coniairLing water and provided with a Lateral stopcock near (he 
boitrnn is placed on a light shallDW^ dish on w'ater, so that it easily floats. 
On opening the ^topemrk so as to aJIow^ water to flnw nut, the vessel ia ob¬ 
served to move In a direction diametrically opposite |o that m which the 









unttr is i^suini:. JSimjlarlyj If ^ vc5«l rontAtnlng he 6uspcnd-cd by' a ^ 

istring^ cin opening aii apeituric in one nf the sidcs^ tlic water ^iW jes emt^ and 
tht vcss^J be deflected fn3fn the ecrti-cal in the dpp^ii^tte direction^ 

Scgiwrs water-wheel and the reaction machine depend nn this principle. 

*So also do rotating lire-wnrki; diac Is, an unbafanced reaction from the 
heated j^ses whkli isstic from openings in them, gives them molion in the 
opposite dircciicin. 

iiS. WMer-wac«u. TnTbInvd.— When water is cnnlinuniis.|y dtjTA-jng 
from El higher to a lower keel, it may be used aa a mniivc power. The 
motive power of water is utilised by means of ; that is, M 

wheek pmWded with buckets or Aoat-buards at the circumference, and tm 
which the water acts cither by pressure or b}' irnpaict. 



which ulth a vtldciti-'X*** ftojt-lKiardi arc immersed in tlic water 

C'jnaidttabfc wht^k ^ water is gncjit, but the fall in- 

h.-« a hiuh faiL L l"h nf water whkh 

wheel ™r. fim.mfcrenec .k titr 

the upper part of the wlWl^ wsitcr falU ifiiothebucket^r 

w«er.a/d^. eSwL,t;iJ'^‘ the ihc 

a .k. ™,„, "““■!»"“ ■>'"'”'«»»»d«i»w> 

•n.k /.*«, i, » kohMUl ... j„ 
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I hydraulic tounitqur.t (2x7). But instwd rf the hurhontul tube* there I* n 
hnniimial dnim,coiitiunEnjr fonrcd vtrtkal walls ; the water, ir tsmiinij from 
the turbme prMiin^. against these walli, everts a reaction, and turns the 
w«e wheel about a ecnical twEi. Turbines hate the advantaRc of beine 
ultTi!.]]!" ^ power, and wjually emdent for the highest and the 

l^n places in winch a hEgh-pressure w^ter supply is available, a fomt of 
mi,/«r has «f late come into use. The water is led from papes into a 
'*M P‘""‘ % tn^s of a special amangcnient called the 
T' ^ described under the steam engine, the 

nr *"** therefore nlteiriately 

p esscs It up and down. ITits motion nf tbc piitou is tr^Liismittcd by suitubte 
inccfianural corimvances to the iJtA\ of the? mat-hme?. 

«'*'1’** " P^wure Of two atino- 

sphetes and a C)-hnder whose diameter is 4 c.tn„ give about i of a honi* 
power with a consumption of about s Jo sallona of water in an hour 

\\ aler-power is usually represented by ihe w-eight of the water multiplied 
heiglit of the available bill * or it may also be represented by half 
^le pr^uct of the mass into the square ot the velndly, Itnth measurcmenis 
Kii-e ih^ same result (61), 

Niagara Falls is calculated to be equal to four 
^kiicl EL hitf mdlionis- of horsc-pow^?r, 

J he total theoretical efleet of a water-power is never realised; for the 
water, after acimg on the wheel, still retains some velocttv, and therefore dries 
not impart the whole of ,ts Velocity to the wheel; in many cases w^ter flows 
past without acting at all; if ihe water acts by lmp.ict, vibrntions are pro- 
t a lp‘«*n'med to the earth and Inst ; the same effert is pro^ 

iluccd by the fnction of water over an edge of the sluice, in the channel 
which conveys It, or agmnsi the wheel itself, as well as hy the friction of this 

™t v' in a stream, as w itfi the com 

mills on the Rhine oe.ir Mam*, does not utilise more than aopereew. of the 
tntDredciil effccE, wfiSEc one of the more purfecE 
fontii af lurblne-fi will vfork up tn qver So per cent, 
\Vaier tngines In diis respect eKcccd SEcam cn- 
Ifines, which on the average do nm use fnorc Ehurt 
lo per Cent, uf the power rcprtjcnted by the coat 
they bum. 

379, iK 4 TiDtL«V lie _ _MarioUe'^ii 

l>oEtIe presents many curious effects nf the pn^ssurc 
of Ehc .lEmosphere^and furnishes a tneansofobtsiin- 
iti^ a coniitHint rtejw nf wafer, 11 mnsisls of n iarsc 
narroHT.ninnthcd bottfe in the neck of which thcfe 
la a Eighdy-lltiinK cork fhg, (Sg). Thmugh tUh a 
j tube pisses open at both cndiw Iti ihe aides of the 
hnfdc Ehere are three lubulurei, each with anairow 
urilice, and which can be closed at will. 

The IhJttle and the tube beinjf quite filled with 
water, let us coniider whas will be the effect of openin^^ successively one 
of the lubulures, ii, and r, supposing, as represented in the dgurt; that the 
lower eiLEj-emity of^is between the lubulures A and if. 
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i. If the tubulure S is open the water fli>ws out, and the surface sink* iq 
the tubeuntil it h on the same level as ^ when the rtow stops. This flyw 
nrtscs from the excess of pressure at the points ot^er ttini at A The pressure 
at r is the same as the pressure of the ntmasphere. llul when once the level 
is th? !;nme at ^ and at the efflux ceases, for the atmosphcnc pressure on 
all point? of The same horfrcmtal Liyer, the same (100). 

ii. If rmw the tuhvlure ^ is closed, and ^ opened, no efflux takes place i . 
on the contnir}', nfr enters by the onl^ce n, and water asoends in tlie tube 

as high as the layer tuA and then cquilibriutn is estabUsheii 

lit If the orifices ^ and d art dosed, and f opened, an efflux having con^ 
stant velocity takes place, as long as the level of the water is not hclow the 
open end^ ^ of the tube. Air enters bubble by bubble nt /, and takes tlic 
place of the water which has flowed ouL 

In order to show that the efflux at the oriOce £ is constanl, it is necesiaiy^ 

In demons!rale that the pressure on the horiEontal layer nA Is always equal to 
that of the atmosphere in addition to the pressure of the coluinu Ai Xow 
su ppose that the level of the waic r hoa sunk to the layer ad. The air which 
has penetmted into the flask ^lupports a pie^siire equal to that of the atmo¬ 
sphere diminished by that of the column of liquid fifi, or H In virtue of 

its elasticity this pressure is tranimitted to the layer Hut this layer fur¬ 
ther supports the w-eight of a column of water,/iW, so that the pressure at w 
Is really /tm + H or H + mn, that is to say, H +A/. 

In the same manner It may be shnwn that this pressure is the same when 
the level sinks to and so on as long us the level is higher than the aperture 
4 T^c pressure on the layer is iherefore corLstant, and consequently the 
velocity of the efflux. But when once the Icret is below the point 4 the 
pressure deercasts, and with it the velocity. 

To obtain a constant flow^ by means of Mariotte^s bottle, it is filled with 
w^atcr, imd the orifLce which is below the tube / is opened. The rapidity of 
the flow is proportional to the st|Up'ire root of the height id 
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Now, if IT beilte specific g>at‘iiy of the gaii coittpnred with air, wliicb 

' . lighter than W4itcr» p * 773’3 qt pm - - - , 

773\J tf i/jj , r 

w hich yives u ihit ]i>t thai foratmo-spheric air the muon vclocit^^ ut the 

particles ii± metres m a seconds For other gases we have» expressed m 
the same iwiitSp 

0-461 
N - 4y2 
11- 1S44- 

In a gas the veluctties of the fuanielei are unequal: for^ even supposing thm 
they were all nrigiaally the sarnie, it is not dhficnjtt to see that they woutd 
sritjii .’liter. For imagine n particle to be moving parallel to one side, and to 
be struck teoirrcally by another mijviag at right angles to tlte direction of 
its molioo, the particle struck would pnMieed on its new path with increased 
vdoeixyt while the striking particle would rcEjound in a different direction 
with a stmillcr velocity. 

XoiWEthstiinding the ac-cidenta! character of the veloctiy of any individual 
particle tn such a mass of gas as we have been consideri ttg, there w ill^ at any 
one given ttme^ be a certain avemge dlslribulion of velocities. N^ow, from 
Considerations basnjd on the theory of probabiliticSi it follows that sottic 
velocities will be more pmUible than □thers—that there w'll)^ indeed^ be one 
velocity which Is more prubable than any ather4 This is called the wiwf 
Velocity. The mtUff v^/o€iijf of ihc particle, as found above, h 
not thiSi nor is it the s^mte a!S ihe ariihinetieol mean of .al] the velocities ; it 
may be dchntiti to be that velocity which, if all the molecnks possessed it, 
the mean energy^ nf the molecular impacts against the side would be the 
same as that which actually exists. This mean velocity ia about greater 
III an the arithmetical mean velocity, and is ij that of the mu&t prnbabl® 
single velocity, 

Cl«BErAi effvet* of beat.- - The general effects of heat upon bodies 
may he classed unde? three heads. One portion is expended in raising the 
temperature of the body ; that \% in increasing ihe vis viva of its mfilcLules- 
In the second place, the molecules of bodies have a certain attracrion for 
each other, lo which is due their relative position; lienee a second pop 
linn of heat is cunEumed in angraenting the amplitude of the nsdHaiSonSf 
by which an increase of volume is produced, or in coinpiclely ahcring the 
relative positions of the mokculeis, by which a change of state is effected 
Thefie two effects arc classed nmrJt. Thirdly, since IkxIlm an: 

fiurToundcd by atmospheric air which exerts a certain pressure on their sup 
ihis lias to be overcome or lifted through a certain dlstancer The heat 
Of work required for ihis is called the exUnus/ w^rJt. 

Ef Q units nf heat arc impaned to a body, and if A be the quanEity of 
heat which is equivalent to the unit of work; then if W is the omounl 
heat which serx'e* to increase the temperature, I that required to alter the 




